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PREFACE 

Once  again  the  American  Highway  Association  calls  the  atten- 
tion of  all  interested  to  the  fact  that  in  the  United  States  today 
the  problem  of  improved  highwa3rs  is  not  so  much  a  problem  of 
providing  funds,  but  of  intelligent  and  economical  use  of  the  funds 
which  are  available. 

The  public  interest  in  road  improvements  during  the  last  two 
years  has  been  steadily  growing;  but  it  has  been  largely  exhibited 
in  a  willingness  to  vote  road  bonds  and  to  assiune  road  taxes. 
The  use  of  the  fimds  so  made  available  has  apparently  not  yet 
given  the  American  public  any  sustained  concern.  Tlie  reason 
is  not  far  to  seek.  It  lies  in  the  assimiption  that  highway  con- 
struction and  maintenance  require  little  more  than  good  faith 
and  common  sense.  Many  persons  without  engineering  expe- 
rience have  been  persuaded  to  acquiesce  in  methods  of  work  which 
lead  to  unnecessary  waste.  Highway  engineers  throughout  the 
country  have  been  confronted  with  the  necessity  of  directing  the 
energies  of  enthusiastic  advocates  of  better  roads  along  lines  at 
once  financially  and  economically  wise.  Such  educational  work 
has  been  and  still  is  no  small  task  for  men  so  busily  engaged  in 
the  discharge  of  their  usual  duties  as  are  the  professional  road- 
builders. 

About  a  year  ago,  some  of  these  engineers  suggested  that  the 
American  Highway  Association  could  render  valuable  assistance 
by  publishing  in  its  Good  Roads  Yeab  Book  a  detailed  discus- 
sion of  all  of  those  simpler  and  imtechnical  features  of  highway 
construction  and  maintenance  which  a  commissioner  entrust^ 
with  the  expenditure  of  road  funds  should  know.  The  directors 
of  the  Association  had  previously  authorized  the  preparation  of 
a  book  of  tills  character,  for  they  realized  that  the  excellent  engi- 
neering treatises  which  have  lately  appeared  are  more  useful  to 
engineers  than  to  commissioners  and  contractors.  The  prepara- 
tion of  such  a  reference  book  on  road  building,  free  from  per- 
sonal preferences  and  prejudices  of  individuals  and  applicable  to 
the  coimtry  as  a  whole,  is  impracticable  except  as  a  cooperative 
undertaking.  This  cooperation  was  volunteered  by  a  number  of 
engineers,  and  the  Association  accordingly  undertook  the  work. 
Over  fifty  highway  engineers  throughout  the  country  have  fur- 
nished advice  concerning  the  subjects  to  be  treated  and  the  char- 
acter of  the  treatment,  and  valuable  assistance  in  revising  the 
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chapters,  all  for  the  one  purpose  of  giving  to  road  officials  who 
are  not  engineers  tiie  general  information  which  these  engineers 
are  called  upon  to  furoMi.  Part  II  of  this  volume  is  the  result. 
Its  usefulness  and  authoritative  character  are  due  to  the  engineers 
who  have  so  contributed  to  it. 

The  American  Highway  Association  publishes  its  Good  Roads 
Yeab  Book  annually  as  an  important  part  of  its  work.  Its 
purpose  is  to  arouse  an  intelligent  popular  appreciation  of  high- 
way improvements  to  the  end  that  taxpayers  may  elect  to  their 
local  highway  boards  men  of  proved  business  ability  and  will 
insist  on  plaong  the  technical  work  imder  competent  men.  What 
is  needed  today  is  a  larger  return  for  the  money  now  provided 
by  taxes.  The  work  will  be  better  and  more  efficiently  performed 
in  proportion  as  the  electors  of  a  road  district  decide  that  this 
shsJl  be  the  case. 

The  many  changes  in  road  laws  made  while  this  edition  of  the 
Good  Roads  Yeab  Book  was  in  press  make  the  pages  of  supple- 
mentary information  at  the  end  of  the  volume  of  particular  im- 
portance, and  the  attention  of  the  reader  is  specially  called  to 
them. 

The  American  Highway  Association  is  now  sending  each  week 
to  newspapers  and  agricultural  journals  a  bulletin  of  news  and 
short  articles  about  road  work.  The  bulletin  is  sent  only  to 
journals  which  have  asked  for  it,  and  an  indication  that  intel- 
ligent interest  in  rations^  road  administration  is  growing  is  afforded 
by  the  fact  that  the  combined  circulation  of  the  publications 
which  now  use  this  material  aggregates  the  large  total  of  nearly 
9,000,000  copies  per  issue.  The  .Association  is  also  cooperating 
with  educational  institutions  and  state  departments  in  spreading 
a  knowledge  of  what  good  roads  can  accomplish  for  the  districts 
they  traverse.  All  who  believe  in  getting  a  dollar's  worth  of 
good  roads  for  every  dollar  invested  in  construction  or  mainte- 
nance of  highways  are  again  invited  to  join  the  Association  and 
thus  bear  witness  in  an  active  and  positive  way  to  their  codperaton 
in  a  work  of  great  economical  and  social  value. 

Faibfax  Habbison, 

President. 

Washington,  March  j  1917. 
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PART  I 

Information  Regarding  Road  Improvements  under 
Federal,  State,. Territorial  and  Local  Control 


FEDERAL  AID  IN  ROAD  BUILDING' 

The  farmesr  has  been,  from  time  immemorial,  paying  the  bill  for 
the  building  and  upkeep  of  public  roads.  Appropriations  of 
State  funds  in  recent  years  have  transferred  a  slight  portion  of 
this  burden  to  the  owners  of  city  property,  but  it  is  probably 
conservative  to  say  that  at  least  75  per  cent  of  the  money  raised 
for  road  purposes  at  the  present  time  is  paid  by  the  owners  of 
country  property.  According  to  the  Census  Report  on  Wealth, 
Debt,  and  Taxation,  the  total  value  of  all  real  property  and  im- 
provements in  the  United  States  in  1900  was  $46,324,859,234, 
and  of  this  amoimt  farm  lands  and  improvements  constituted 
only  $16,614,647,491,  or  a  little  more  than  one-third  of  the  total 
real  estate  values  in  the  United  States.  Since  that  time,  on  ac- 
count of  the  very  rapid  growth  of  cities,  it  is  probable  that  farm 
values  are  now  less  than  one-third  of  the  total  real  estate  values. 
It  is  thus  apparent  that  the  owners  of  less  than  one-third  of  the 
real  property  are  paying  more  than  three-fourths  of  the  cost  of 
the  public  roads.  This  would  be  equitable  if  the  public  roads  were 
of  vBlvLe  only  to  the  rural  population,  but,  as  the  committee  has 
pointed  out  in  other  portions  of  this  report,  the  public  road  is 
of  vital  importance  to  the  cities  and  is  no  longer  of  mere  local 
significance.  Inasmuch  as  the  revenues  of  the  federal  govern- 
ment are  derived  from  the  dwellers  of  both  city  and  country, 
the  result  of  federal  appropriations  would  be  to  tend  in  some  meas- 
ure to  equalize  the  cost  burdens  as  between  city  and  coimtry. 

Legislation  by  congjress  requiring  on  the  part  of  the  States,  as 
a  condition  to  receiving  federal  aid,  that  they  provide  for  sys- 
tematic and  responsible  supervision  of  the  joint  fimds  thus 
created,  would  be  a  long  step  in  the  direction  of  effective  road 
management  now  so  urgently  needed.  It  is  a  self-evident  prop- 
osition that  in  small  conmiunities  the  selfish  influence  of  powerful 
individuals  has  greater  opportimity  to  act  counter  to  the  public 
welfare  than  in  the  larger  political  commimities.  Just  as  the 
county  administration  is  less  likely  to  be  swayed  by  selfish  in- 
terest than  is  the  township,  so  is  the  State  administration  less  sub- 
servient to  the  selfish  interests  of  the  few  in  the  distribution  of 
public  improvements  than  is  the  coimty,  but  in  both  the  county 

>  Extracts  from  Senate  Report  250,  64th  Congress,  1st  Session;  Report 
by  Senator  Bankhead  for  the  Committee  on  Post  Offices  and  Post  Roads. 
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and  the  State  political  considerations  constitute  an  ever-present 
menace  or  temptation,  as  the  case  may  be,  to  sway  the  judgment 
of  those  in  authority.  The  judgment  of  representatives  of  the 
federal  government  is  not  likely  to  be  biased  by  local  conditions, 
nor  is  the  tenure  of  office  of  those  who  represent  the  federal  gov- 
ernment dependent  upon  the  local  electorate.  It  may,  therefore, 
be  reasonably  expected  that  the  federal  representatives  wiU 
stand  for  sound  and  impartial  management  of  road  funds  and 
will  give  moral  support  to  State  officios,  which  will  relieve  those 
State  officials  of  many  embarrassments  and  burdens  which  they 
must  now  bear  alone.  Thus,  first,  by  imposing  a  condition  upon 
the  States,  and  second,  by  providing  an  unbiased  cooperative 
agency,  the  federal  government  would  insure  from  the  outset  a 
management  which  wotdd  be  reasonably  free  from  criticism. 

Any  appropriation  of  money  that  does  not  carry  with  it  a  re- 
quirement for  systematic  and  efficient  road  management  would 
accomplish  such  trivial  results  as  to  scarcely  affect  the  progress 
of  road  improvement  in  the  United  States.  That  this  is  ci^y 
capable  of  proof  is  indicated  by  the  fact  that  the  annual  expend- 
itures for  road  improvements  in  the  United  States  are  in  excess 
of  S300,000,000.  If  congress  were  to  appropriate  an  amount 
as  large  as  S25.000,000  annually  and  turn  it  over  to  existing  agen- 
cies for  expenoiture,  the  net  result  would  be  to  add  $1  to  every 
$12  now  being  expended.  Such  legislation  would  be  '^pork 
barrel'  without  a  redeeming  feature. 

Federal  legislation  properly  framed  should  insure  the  formation 
of  a  federal  corps  of  highway  engineers,  representative  of  the  b^t 
technical  and  practical  abiUty  obtainable  in  this  country.  The 
further  requirement  in  suitably  framed  legislation  that  the 
States  provide  responsible  and  qualified  agencies  with  which  the 
federal  government  might  cooperate  would  tend  to  bring  about 
the  retention,  the  improvement,  or  the  establishment  of  high- 
way departments  in  the  respective  States  representative  of  the 
best  ability  in  those  States.  Such  a  high  standard  on  the  part 
of  the  government  and  of  the  States  must  of  necessity  insure  an 
excellence  of  methods  and  of  results  of  the  greatest  benefit  in 
the  working  out  of  the  great  task  of  providing  adequate  highways, 
throughout  the  United  States.  The  influence  and  example  of 
such  thoroughly  qualified  organizations  could  not  fail  to  affect 
the  methods  of  constructing  and  maintaining  roads  in  the  smaller 
units  of  government,  and  if,  through  federal  cooperation,  the 
greater  portion  of  our  present  huge  outlay  of  $300,000,000  a 
year  is  directed  in  proper  channels  imder  competent  supervision, 
the  results  in  the  form  of  tangible  improvements  will  be  amazing. 

By  confining  the  expenditure  of  the  joint  fimd  supplied  by  the 
federal  government  and  the  respective  State  governments  to  con- 
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struction  rather  than  to  maintenance,  tangible  and  durable  roads 
will  be  provided  to  take  the  place  of  those  upon  which  untold 
millions  have  been  expended  for  temporary  patchwork  in  the 
past.  If  year  by  year  a  steadily  growing  mileage  of  firm,  smooth, 
well-constructed  roads  exist  as  evidence  to  show  that  every  dollar 
of  federal  and  State  money  jointly  expended  has  been  productive 
of  results,  it  will  not  only  go  far  toward  providing  convenient 
highways  for  traffic,  but  will,  like  the  example  of  good  manage- 
ment and  skilled  methods  already  cited,  have  a  most  beneficial 
influence  upon  the  lesser  \mits  of  government  in  demonstrating 
the  advantages  of  durable  construction. 

While  the  primary  piu^pose  of  the  government  in  entering 
upon  the  policy  of  federal  aid  is  to  secure  the  construction  of  sys- 
tems of  highways  which  are  urgently  needed,  it  should  not  forego 
the  opportunity  and  the  duty  to  require  on  the  part  of  the  States 
that  they  adequately  maintain  every  mile  of  road  constructed 
with  the  aid  of  federal  money.  If  legislation  is  framed  so  as  to 
bring  about  such  continuous  and  efficient  maintenance  a  great 
benefit  to  the  people  will  have  been  assured,  as  it  is  now  gener- 
ally recognized  that  because  of  lax  administration  and  mistaken 
economy  millions  of  dollars  worth  of  well-constructed  roads  are 
disintegrating  under  the  destructive  action  of  heavy  traffic. 
The  federal  government  should  not  expend  its  revenues  for 
maintenance,  as  by  so  doing  it  would  not  add  to  the  stock  of  good 
roads,  but  it  can  make  conditions  which  wiU  bring  about  the 
desired  results  and  leave  the  federal  revenues  free  for  the  great 
task  of  cooperating  in  the  building  of  improved  roads. 

It  is  essential  to  the  normal  development  of  transportation 
facilities  that  the  public  roads  of  each  State  shall  be  coordinated 
and  correlated  with  the  public  roads  of  the  adjoining  States. 
In  the  absence  of  the  correlating  influence  which  government 
participation  may  provide  it  is  probable  that  the  development 
of  the  road  system  of  the  nation  as  a  whole  would  be  haphazard 
and  uneconomical.  Aside  from  the  correlation  of  the  actual 
roads  there  is  a  pressing  need  for  a  centralized  correlating  influ- 
ence to  bear  upon  the  preparation  of  plans  and  specifications, 
the  systems  of  record  and  cost  accounting,  and  the  other  import- 
ant details  of  operation,  so  that  there  may  be  simplicity,  order, 
and  economy  in  all  phases  of  the  work  in  which  the  federal  gov- 
ernment may  participate. 

It  has  been  repeatedly  estimated  that  20  per  cent  of  the  roads 
may  be  so  designated  and  improved  as  to  carry  from  80  to  85  per 
cent  of  the  traffic.  It  may  be  assumed  that  the  highway  de- 
partment of  each  State,  representing  both  county  and  State 
interests,  acting  in  cooperation  with  the  federal  government 
representatives,  will  select  for  improvement  those  roads  which 
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will  best  serve  the  traffic  needs  of  the  State  and  its  local  sub- 
divisions. This  unbiased  selection  would  give  to  each  particular 
section  of  coimtry  the  kind  and  the  distribution  of  road  improve- 
ment as  would  tend,  with  the  least  percentage  of  surfaced  roads, 
to  care  adequately  for  traffic  needs.  It  might  occur  that  in  one 
section  of  the  country  the  linking  together  of  great  through 
routes  or  trunk  lines  are  needed,  and  that  in  another  section  of 
the  country  radial  roads  from  important  centers  will  best  serve 
traffic  needs,  but  however  this  mav  be,  it  would  follow  that  those 
roads  of  most  importance  would  first  be  improved,  and  that 
ultimately  the  traffic  needs  would  be  met  by  the  smallest  prac- 
ticable surfaced  road  mileage. 

It  is  manifestly  important  that  the  federal  government  shall 
deal  with  a  definite  and  responsible  agency  in  carrying  out  the 
policy  of  federal  aid  to  road  improvement.  There  are,  besides 
the  federal  government,  fornr  distinct  governmental  units,  namely, 
the  State,  the  county,  the  township,  and  the  municipality.  As 
the  primary  purpose  of  federal  aid  is  to  improve  country  roads, 
the  municipality  need  not  be  considered  in  this  connection. 
There  are  by  the  latest  count  3,000  counties,  and  it  is  estimated 
that  there  are  about  30,000  townships,  in  the  United  States. 
Clearly  it  would  be  impracticable  for  the  government  to  enter 
into  any  joint  arrangement  or  to  undertake  to  properly  safeguard 
and  check  government  expenditures  in  cooperation  with  30,000, 
or  even  300M9  distinct  agencies.  It  would  therefore  seem  essen- 
tial that  the  government  deal  only  with  the  State  governments 
in  the  working  out  of  this  policy.  Fiurthermore,  as  the  committee 
has  already  pointed  out,  it  is  necessary  that  systematic  and  skilled 
supervision  be  encouraged  and  extended,  and  it  is  impracticable 
to  secure  such  supervision  with  any  degree  of  luiiformity  except 
through  the  State  governments  acting  through  their  highway 
departments. 

No  policy  of  federal  aid  should  be  adopted  which  does  not  per- 
mit the  retention  by  the  States  of  the  fullest  measure  of  control 
consistent  with  the  necessary  inspection  and  safeguarding  whicli 
is  customary  with  all  federal  appropriations.  This  balance  of 
powers  and  duties  as  between  the  federal  government  and  the 
States  can  readily  be  accomplished  by  leaving  to  the  States  the 
initiative  in  determining  whether  or  not  they  desire  to  avsdl 
themselves  of  government  aid,  the  direct  supervision  of  every 
step  of  the  construction  and  improvement,  leaving  only  to  the 
federal  government  the  fullest  measure  of  latitude  in  the  way 
of  inspection  and  approval  at  each  step  of  Hie  undertaking. 
This  should  provide,  at  the  same  time,  harmony  and  efficiency 
without  overlapping  of  duties  and  without  clashing  of  interests 
or  authority. 
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While  the  coDtribution  on  the  part  of  the  federal  government 
should  be  substantial,  so  that  results  of  some  magnitude  might 
be  accomplished,  such  contribution  should  impose  upon  the 
States  the  duty  of  contributing  in  at  least  as  large  a  measure,  so 
that  there  may  be  no  insidious  paternalism  estabUsbed,  which 
would  stifle  local  initiative  and  self-help.  If  the  federal  govern- 
ment were  to  enter  upon  the  building  outright  of  a  system  of 
national  highways,  the  temptation  would  be  great  on  the  part 
of  States  and  their  subdivisions  to  cease  or  c\u*tail  their  own  work 
of  improvement  in  the  hope  that  the  federal  government  would 
ultimately  come  and  make  the  improvements  for  them.  Fur- 
thermore, the  imposing  upon  the  States  of  the  duty  of  making 
substantial  contribution  will  serve  to  automatically  modify  the 
demands  upon  the  federal  treasury,  as  excessive  demands  upon 
the  federal  treasury  under  these  conditions  would  at  the  same 
time  entail  equally  excessive  demands  upon  the  States.  An 
unconditional  payment  out  of  the  federal  treasury  would  open 
the  door  to  the  most  pernicious  and  dangerous  "pork  barrel" 
legislation  possible  to  devise,  as  its  appeal  would  be  so  universal 
and  its  demand  so  insistent  that  representatives  in  the  federal 
congress  would  find  it  exceedingly  difficult  to  square  their  sense 
of  duty  with  their  sense  of  political  expediency. 

Some  plan  must  be  adopted  at  the  outset  for  determining  what 
proportion  of  federal  appropriation  shall  go  to  each  State.  In 
arriving  at  the  most  feasible  and  equitable  plan,  consideration 
must  he  given  to  those  factors  which  are  intimately  related  to  the 
public  roads.  First,  it  must  be  considered  that  primarily  the 
road  is  designed  for  the  use  of  people,  and  it  would  therefore 
seem  most  equitable  that  popidation  should  form  a  basic  factor 
in  determining  the  distribution  of  appropriations.  A  secondary 
purpose  of  the  public  road  is  the  development  of  land  so  tiiat  its 
riches  may  be  made  accessible  for  the  use  and  benefit  of  man, 
and  to  this  end  area,  which  would  represent  the  great  sections  of 
cotmtry  yet  to  be  developed,  should  be  given  consideration. 
Along  our  eastern  seaboard  population  is  dense,  available  land  is 
scarce,  while  in  the  great  domain  west  of  the  Mississippi  River 
large  areas  of  productive  land  are  comparatively  thinly  populated, 
but  are  capable  of  yielding  rich  returns  under  suitable  develop- 
ment. It  would  therefore  seem  that  if  the  interests  of  the  east 
are  protected  by  the  factor  of  population,  the  interests  of  the 
west  should  receive  consideration  throi^h  including  area  as  a 
factor  of  apportionment.  Finally,  the  direct  interest  of  the  fed- 
er«J  government,  as  represented  by  the  great  mileage  of  rural 
delivery  and  star  routes  for  the  transportation  of  mail  and  parcel 
post  should  have  some  weight  in  the  granting  of  federal  fimds, 
for  certainly  the  federal  government  1ms  a  right  to  expect  that 
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its  mail  routes  will  be  benefited  by  this  general  scheme  of  improve- 
ment, and  so  it  would  seem  that  the  mileage  of  nu*al  delivery 
and  star  routes  should  form  another  factor  in  the  apportionment 
of  appropriations. 

llie  conunittee  believes  that  a  comprehensive  plan  extending 
over  a  period  of  years  is  infinitely  preferable  to  a  measure  which 
provides  a  plan  and  an  appropriation  for  a  single  year.  The 
conmiittee  believes  furthermore  that  a  small  appropriation  should 
inaugurate  the  imdertaking  and  that  this  appropriation  should 
increase  by  degrees  over  the  period  covered  by  the  act  so  that 
there  may  be  a  logical  and  thoroughly  sound  development  of  the 
work.  A  measure  that  provided  for  but  a  single  year  of  opera- 
tion would  make  no  allowance  for  the  necessity  of  developing  and 
perfecting  organization  among  the  States  suitable  to  carry  on  this 
work  and  for  the  formulation  and  agreement  between  the  federal 
government  and  the  States  on  the  administrative  procediu'e  to 
most  efiiciently  carry  out  the  purposes  of  the  act.  It  would  af- 
ford no  just  and  reasonable  test  of  efficiency,  because  it  would  be 
humanly  impossible  in  the  space  of  a  single  year  to  carry  out  the 
great  preliminary  work  and  to  accomplish  results  of  an  actual 
constructive  character  which  would  stand  as  a  justification  of 
federal  participation.  It  would  therefore  be  most  likely  that 
criticism  would  result,  that  a  change  in  the  form  of  federal  legis- 
lation would  be  brought  about,  and  that  from  year  to  year  we 
should  have  the  confusion  and  inefficiency  resulting  from  constant 
legislative  changes.  The  provision  of  a  small  appropriation 
in  the  beginning,  gradually  increasing  to  a  fairlv  considerable 
amount,  would  not  only  make  for  efficiency  in  tibe  expenditure 
of  the  appropriations  but  would  safeguard  the  federal  treasury 
by  acting  as  a  preventive  to  the  voting  of  large  appropria- 
tions to  meet  popular  demands  from  year  to  year.  With  a  defi- 
nite program  established  covering  a  period  of  years  there  would 
be  every  reason  to  hope  that  this  vexing  question  wiU  have  been 
taken  care  of,  at  least  for  a  time. 

So  firmly  is  the  conmiittee  convinced  of  the  necessity  for 
skilled  supervision  on  the  part  of  the  several  States  that  it  feels 
justified  in  recommending  that  no  federal  aid  shall  be  granted 
except  to  States  which  hskye  established  highway  depar&nents, 
other  than  that,  until  a  sufficient  time  has  elapsed  after  the  pas- 
sage of  this  act  to  enable  the  legislatiu^s  to  meet  and  take  proper 
action,  no  State  should  be  discriminated  against.  After  a  State 
legislature  has  met  in  regular  session  and  h^  had  an  opportunity 
to  establish  a  hi^way  department  and  to  conform  to  federal  r^ 
quirements  in  tMs  respect,  it  should  no  longer  be  excused  from 
complying  with  those  requirements.  State  supervision  is  prov- 
ing by  far  the  most  efiPective  means  in  the  several  States  for  the 
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construction  of  improved  roads,  and  it  is  extending  its  influence 
year  by  year.  If  government  participation  serves  no  other 
purpose  than  to  further  this  trend  away  from  e^ctreme  localiza- 
tion it  will  have  accomplished  a  lasting  benefit  to  the  American 
people. 


FEDERAL  AID  ROAD  ACT  OF  1916 

PtJBUC  Law— No.  166—  64th  Conobebs 

AN  ACT  To  provide  that  the  United  States  shall  aid  the  States  in  the 
Construction  of  rural  post  roads,  and  for  other  purposes 

Be  it  enacted  by  the  Senate  and  House  of  Repreeentaiives  of  the 
United  States  of  America  in  Congress  assembled,  That  the  Secre- 
tary of  Agriculture  is  authorized  to  cooperate  with  the  States, 
through  their  respective  State  highway  departments,  in  the  con- 
struction of  rural  post  roads;  but  no  money  apportioned  under  this 
Act  to  any  State  shall  be  expended  therein  imtil  its  legislature 
shall  have  assented  to  the  provisions  of  this  Act,  except  that, 
until  the  final  adjournment  of  the  first  regular  session  of  the 
legislature  held  after  the  passage  of  this  Act,  the  assent  of  the 
governor  of  the  State  shall  be  sufficient.  The  Secretary  of 
Agriculture  and  the  State  highway  department  of  each  State 
shall  agree  upon  the  roads  to  be  constructed  therein  and  the 
character  and  method  of  construction:  Provided,  That  all  roads 
constructed  imder  the  provisions  of  this  Act  shall  be  free  from 
tolls  of  all  kinds. 

Sec.  2.  That  for  the  purpose  of  this  Act  the  term  "rural  post 
road"  shall  be  construed  to  mean  any  public  road  over  which 
the  United  States  mails  now  are  or  may  hereafter  be  transported, 
excluding  every  street  and  road  in  a  place  having  a  population, 
as  shown  by  the  latest  available  federal  census,  of  two  thousand 
five  hundred  or  more,  except  that  portion  of  any  such  street  or 
road  along  which  the  houses  average  more  than  two  himdred  feet 
apaxt;  the  term  "State  highway  department"  shall  be  construed 
to  include  any  department  of  another  name,  or  conmiission,  or 
official  or  officials,  of  a  State  empowered,  under  its  laws,  to  exer- 
cise the  functions  ordinarily  exercised  by  a  State  highway  de- 
partment; the  term  "construction"  shall  be  construed  to  include 
reconstruction  and  improvement  of  roads;  "properly  maintained" 
as  used  herein  shall  be  construed  to  mean  the  making  of  needed 
repairs  and  the  preservation  of  a  reasonably  smooth  surface 
considering  the  type  of  the  road ;  but  shall  not  be  held  to  include 
extraordinary  repairs,  nor  reconstruction;  necessary  bridges  and 
culverts  shall  be  deemed  parts  of  the  respective  roads  covered 
by  the  provisions  of  this  Act. 

Sec.  3.  That  for  the  purose  of  carrying  out  the  provisions  of 
this  Act  there  is  hereby  appropriated,  out  of  any  money  in  the 
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Treasury  not  otherwise  appropriated,  for  the  fiscal  year  ending 
June  thirtieth,  nineteen  hundred  and  seventeen,  the  sum  of 
$5,000,000;  for  the  fiscal  year  ending  Jime  thirtieth,  nineteen 
hundred  and  eighteen,  the  sum  of  $10,000,000;  for  the  fiscal  year 
ending  June  thirtieth,  nineteen  hundred  and  nineteen,  the  sum 
of  S15,000,000;  for  the  fiscal  year  ending  June  thirtieth,  nineteen 
himdred  and  twenty,  the  sum  of  $20,000,000;  and  for  the  fiscal 
year  ending  June  thirtieth,  nineteen  hundred  and  twenty-one, 
the  sum  of  $25,000,000.  So  much  of  the  appropriation  appor- 
tioned to  any  State  for  any  fiscal  year  as  remains  imexpended  at 
the  close  thereof  shall  be  available  for  expenditiure  in  that  State 
until  the  close  of  the  succeeding  fiscal  year,  except  that  amoimts 
apportioned  for  any  fiscal  year  to  any  State  which  has  not  a  State 
highway  department  shall  be  available  for  expenditure  in  that 
State  until  the  close  of  the  third  fiscal  year  succeeding  the  close 
of  the  fiscal  year  for  which  such  apportionment  was  made.  Any 
amount  apportioned  imder  the  provisions  of  this  Act  imexpended 
at  the  end  of  the  period  diuring  which  it  is  available  for  expendi- 
ture under  the  terms  of  this  section  shall  be  reapportioned,  within 
sixty  days  thereafter,  to  all  the  States  in  the  same  manner  and 
on  the  same  basis,  and  certified  to  the  Secretary  of  the  Treasury 
and  to  the  State  highway  departments  and  to  the  governors  of 
States  having  no  State  highway  departments  in  the  same  way  as 
if  it  were  being  apportioned  imder  this  Act  for  the  first  time: 
ProMed,  That  in  States  where  the  constitution  prohibits  the 
State  from  engaging  in  any  work  of  internal  improvements,  then 
the  amount  of  we  appropriation  under  this  Act  apportioned  to 
any  such  State  shall  be  turned  over  to  the  highway  department 
of  the  State  or  to  the  governor  of  said  State  to  be  expended  under 
the  provisions  of  this  Act  and  imder  the  rules  and  regulations  of 
the  Department  of  Agriculture,  when  any  number  of  counties 
in  any  such  State  shall  appropriate  or  provide  the  proportion  or 
share  needed  to  be  raised  in  order  to  entitle  such  State  to  its  part 
of  the  appropriation  apportioned  under  this  Act. 

Sec.  4.  That  so  much,  not  to  exceed  three  per  centum,  of  the 
appropriation  for  any  fiscal  year  made  by  or  under  this  Act  as 
the  Secretary  of  Agriculture  may  estimate  to  be  necessary  for 
administering  the  provisions  of  this  Act  shaU  be  deducted  for 
that  purpose,  available  until  expended.  Within  sixty  days  after 
the  close  of  each  fiscal  year  the  Secretary  of  Agriculture  shall 
determine  what  part,  if  any,  of  the  sums  theretofore  deducted 
for  administering  the  provisions  of  this  Act  will  not  be  needed 
for  that  purpose  and  apportion  such  part,  if  any,  for  the  fiscal 
year  then  current  in  the  same  manner  and  on  the  same  basis, 
and  certify  it  to  the  Secretary  of  the  Treasury  and  to  the  State 
highway  departments,  and  to  the  governors  of  States  having  no 
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State  highway  departments,  in  the  same  way  as  other  amounts 
authorized  by  this  Act,  to  be  apportioned  among  all  the  States 
for  such  current  fiscal  year.  The  Secretary  of  Agriculture,  after 
making  tiie  deduction  authorized  bv  this  section,  shall  apportion 
the  remainder  of  the  appropriation  for  each  fiscal  year  among  the 
several  States  in  the  following  manner:  One-third  in  the  ratio 
whidi  the  area  of  each  State  bears  to  the  total  area  of  all  the 
States;  one-third  in  the  ratio  which  the  population  of  each  State 
b^irs  to  the  total  population  of  all  the  States,  as  shown  by  the 
latest  available  Federal  census;  one-third  in  the  ratio  which  the 
mileage  of  rural  delivery  routes  and  star  routes  in  each  State 
bears  to  the  total  mileage  of  rural  delivery  routes  and  star  routes 
in  all  the  States,  at  the  close  of  the  next  preceding  fiscal  y^, 
as  shown  by  the  certificate  of  the  Postmaster  General,  which 
he  is  directed  to  miJce  and  furnish  annually  to  the  Secretary  of 
Agriculture. 

Sec.  5.  That  within  sixty  days  after  the  approval  of  this  Act 
the  Secretary  of  Agriculture  shall  certify  to  the  Secretary  of  the 
Treasury  and  to  each  State  highway  department  and  to  the  gov- 
ernor of  each  State  having  no  State  highway  department  the  sum 
which  he  has  estimated  to  be  deducted  for  admmiBtering  the  pro- 
visions of  ihis  Act  and  the  sum  which  he  has  apportioned  to  each 
State  for  the  fiscal  year  ending  June  thirtieth,  nineteen  hundred 
and  seventeen,  and  on  or  before  January  twentieth  next  preced- 
ing the  commencement  of  each  succeding  fiscal  year  shall  make 
like  certificates  for  such  fiscal  year. 

Sec.  6.  That  any  State  desiring  to  avail  itself  of  the  benefits 
of  this  Act  shall,  by  its  State  highway  department,  submit  to 
the  Secretary  of  Agriculture  project  statements  setting  forth 
proposed  construction  of  any  rural  post  road  or  roads  therein. 
If  the  Secretary  of  Agriculture  approve  a  project,  the  State  high- 
way department  shall  furnish  to  him  such  surveys,  plans,  speci- 
fications, and  estimates  therefor  as  he  may  require:  Prainded, 
Iiowever,  That  the  Secretary  of  Agriculture  shall  approve  only 
such  projects  as  may  be  substantial  in  character  and  the  expend- 
iture of  fimds  hereby  authorized  shall  be  applied  only  to  such 
improvements.  Items  included  for  engineering,  inspection,  and 
unforeseen  contingencies  shall  not  exceed  ten  per  centum  of  the 
total  estimated  cost  of  the  work.  If  the  Secretary  of  Agriculture 
approve  the  plans,  specifications,  and  estimates,  he  shall  notify 
the  State  hi^way  department  and  immediately  certify  the  fact 
to  the  Secretary  of  the  Treasury.  The  Secretary  of  the  Treasury 
shall  thereupon  set  aside  the  share  of  the  United  States  payable 
imder  this  Act  on  account  of  such  project,  which  shall  not  exceed 
fifty  per  centum  of  the  total  estimated  cost  thereof.  No  pay- 
ment of  any  money  apportioned  under  this  Act  shall  be  made  on 
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any  project  until  such  statement  of  the  project,  and  the  plans, 
specifications^  and  estimates  therefor,  shall  have  been  submitted 
to  and  approved  by  the  Secretary  of  Agriculture. 

When  tiie  Secretary  of  Agricidture  iSiall  find  that  any  project 
so  approved  by  him  has  been  constructed  in  compliance  with  said 
plans  and  specifications  he  shall  cause  to  be  paid  to  the  proper 
authority  of  said  State  the  amoimt  set  aside  for  said  project: 
Promdedj  That  the  Secretary  of  Agriculture  may,  in  his  discretion, 
from  time  to  time  make  payments  on  said  construction  as  the 
same  progresses,  but  these  payments  including  previous  pay- 
ments, if  any,  shall  not  be  more  than  the  United  States'  pro  rata 
part  of  the  value  of  the  labor  and  materiaJs  which  have  been 
actually  put  into  said  construction  in  conformity  to  said  plans 
and  specifications;  nor  shall  any  such  payment  be  in  excess  of 
$10,000  per  mile,  exclusive  of  the  cost  of  bridges  of  more  ihsji 
twenty  feet  clear  span.  The  construction  work  and  labor  in 
each  State  shall  be  done  in  accordance  with  its  laws,  and  imder 
the  direct  supervision  of  the  State  highway  department,  subject 
to  the  inspection  and  approval  of  the  Secretary  of  Agriculture 
and  in  accordance  with  the  rules  and  regulations  made  pursuant 
to  this  Act. 

The  Secretary  of  Agriculture  and  the  State  highway  depart- 
ment of  each  State  may  jointly  determine  at  what  times,  and  in 
what  amounts,  payments,  as  work  progresses,  shall  be  made 
under  this  Act.  Such  payments  shall  be  made  by  the  Secretary 
of  the  Treasury,  on  warrants  drawn  by  the  Secretary  of  Agricul- 
ture, to  such  official,  or  officials,  or  depository,  as  may  be  desig- 
nated by  the  State  highway  department  and  authorized  under 
the  laws  of  the  State  to  receive  public  funds  of  the  State  or 
county. 

Sbc.  7.  To  maintain  the  roads  constructed  under  the  provis- 
ions of  this  Act  shaU  be  the  duty  of  the  States,  or  their  civil  sub- 
divisions, according  to  the  laws  of  the  several  States.  If  at  any 
time  the  Secretary  of  the  Agriculture  shall  find  that  any  road  in 
any  State  constructed  under  the  provisions  of  this  Act  is  not 
being  properly  maintained  he  shall  give  notice  of  such  fact  to  the 
highway  department  of  such  State  and  if  within  four  months 
from  the  receipt  of  said  notice  said  road  has  not  been  put  in  a 
proper  condition  of  maintenance  then  the  Secretary  of  Agricul- 
ture shall  thereafter  refuse  to  approve  any  project  for  road  con- 
struction in  said  State,  or  the  civil  subdivision  thereof,  as  the  fact 
may  be,  whose  duty  it  is  to  maintain  said  road,  until  it  has  been 
put  in  a  condition  of  proper  maintenance. 

Sbc.  8.  That  there  is  hereby  appropriated  and  made  avail- 
able unlil  opended,  out  of  anv  moneys  in  the  National  Treasury 
not  otherwise  appropriated,  the  sum  of  $1,000,000  for  the  fiscal 
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year  ending  June  thirtieth,  nineteen  hiindred  and  seventeen,  and 
each  fiscal  year  thereafter,  up  to  and  including  the  fiscal  year 
ending  June  thirtieth,  nineteen  hundred  and  twenty-six,  in  aU 
S10,000,000,  to  be  available  until  expended  under  the  supervision 
of  the  Secretary  of  Agriculture,  upon  request  from  the  proper 
officers  of  the  State,  Territory,  or  county  for  the  survey,  construc- 
tion, and  maintenance  of  roads  and  trails  within  or  only  partly 
within  the  national  forests,  when  necessary  for  the  use  and  de- 
velopment of  resources  upon  which  commtmities  within  and  ad- 
jacent to  the  national  forests  are  dependent:  Promdedy  That  the 
State,  Territory,  or  county  shall  enter  into  a  cooperative  agree- 
ment with  the  Secretary  of  Agriculture  for  the  survey,  construc- 
tion, and  maintenance  of  such  roads  or  trails  upon  a  basis  equita- 
ble to  both  the  State,  Territory,  or  coimty,  and  the  United 
States:  And  provided  also,  That  the  aggregate  expenditures  in 
any  State,  Territory,  or  county  shall  not  exceed  ten  per  centum 
of  the  value,  as  determined  by  the  Secretary  of  Agriculture,  of 
the  timber  and  forage  resources  which  are  or  will  be  available  for 
income  upon  the  national  forest  lands  within  the  respective 
county  or  counties  wherein  the  roads  or  trails  will  be  constructed; 
and  the  Secretary  of  Agriculture  shall  make  annual  report  to 
Congress  of  the  amoimts  expended  hereunder. 

That  immediately  upon  the  execution  of  any  cooperative 
agreement  hereunder  the  Secretary  of  Agriculture  shall  notify 
the  Secretary  of  the  Treasury  of  the  amoimt  to  be  expended  by 
the  United  States  within  or  adjacent  to  any  national  forest 
thereunder,  and  beginning  with  the  next  fiscal  year  and  each 
fiscal  year  thereafter  the  Secretary  of  the  Treasury  shall  apply 
from  any  and  all  revenues  from  such  forest  ten  per  centum  thereof 
to  reimbiu^e  the  United  States  for  expenditures  made  imder 
such  agreement  until  the  whole  amount  advanced  imder  such 
agreement  shall  have  been  returned  from  the  receipts  from  such 
national  forest. 

Sec.  9.  That  out  of  the  appropriations  made  by  or  under  this 
Act,  the  Secretary  of  Agricultiu^e  is  authorized  to  employ  such 
assistants,  clerks,  and  other  persons  in  the  city  of  Washizigton  and 
elsewhere,  to  be  taken  from  the  eligible  lists  of  the  Civil  Service 
Commission,  to  rent  buildings,  outside  of  the  city  of  Washing- 
ton, to  purchase  such  supplies,  material,  equipment,  office  fixtures, 
and  apparatus,  and  to  incur  such  travel  and  other  expense  as  he 
may  deem  necessary  for  carrying  out  the  purposes  of  this  Act. 

Sec.  10.  That  the  Secretary  of  Agriculture  is  authorized  to 
make  rules  and  regulations  for  carrjring  out  the  provisions  of  this 
Act. 

Sec.  11.  That  this  Act  shall  be  in  force  from  the  date  of  it& 
passage. 

Approved,  July  11,  1916. 


RULES  AND  REGULATIONS  OF  THE  SECRE- 
TARY OF  AGRICULTURE  FOR  CARRYING 
OUT  THE  FEDERAL-AID  ROAD  ACT.  (EX- 
CEPT SECTION  8  THEREOF) 

Issued  September  1,  1916 

Regidation  1. — Definitions 

For  the  purposes  of  these  regulations,  the  following  terms  shall 
be  construed,  respectively,  to  mean — 

Section  1.  The  Federcd-aid  road  act,  or  the  act. — An  act  of 
Congress  entitled,  "An  Act  to  provide  that  the  United  States 
shall  aid  the  States  in  the  construction  of  rural  post  roads,  and 
for  other  purposes,"  approved  July  11,  1916.  (PubUc,  No.  156, 
64th  Congress.) 

Sec.  2.  The  Secretary. — ^The  Secretary  of  Agriculture  of  the 
United  States. 

Sec.  3.  Office  of  Public  Roads. — ^The  Office  of  Public  Roads  and 
Rural  Engineering  of  the  United  States  Department  of  Agricul- 
ture. 

Sec.  4.  Ten  per  cent  fund. — Items  for  engineering,  inspection, 
and  unforeseen  contingencies,  not  exceeding  10  per  cent  of  the 
total  estimated  cost  of  the  work. 

Sec.  5.  Authorized  representatives  of  the  Secretary. — ^The  Di- 
rector of  the  Office  of  Public  Roads  and  such  other  officials  and 
employees  thereof  as  he  may  designate  from  time  to  time. 

Regulation  2. — Application  of  Regulaiions 

Section  1.  These  regulations  apply  to  all  provisions,  except 
section  8,  of  the  act  and  shall  not  be  applied  to  section  8  unless 
hereafter  authorized  or  required  by  order  of  the  Secretary. 

Sec.  2.  These  regulations  shall  apply  as  fully  where  the  State 
can  not  constitutionally  engage  in  any  work  of  internal  improve- 
ments as  in  any  other  case,  when  any  number  of  counties  in  such 
State  shall  appropriate  or  provide  the  proportion  of  share  needed 
to  be  raised  in  order  to  entitle  such  State  to  its  part  of  the  appro- 
priation apportioned  under  the  act. 

15 
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Regulation  S. — Information  for  the  Secretary 

SscnoN  1.  Before  an  agreement  is  made  upon  any  road  or 
roads  to  be  constructed  in  a  State,  or  the  character  and  method 
of  construction,  upon  request  of  the  Secretary  there  shall  be 
furnished  to  him,  by  or  on  behalf  of  the  State,  general  informa- 
tion as  to  its  laws  affecting  roads  and  the  authority  of  the  State 
and  local  officials  in  reference  to  the  construction  and  mainte- 
nance of  roads;  as  to  schemes  for  future  construction;  and  as  to 
provisions  made,  or  to  be  made,  for  constructing  and  maintain- 
ing roads  upon  which  it  is  cont^plated  that  the  expenditure  of 
money  appropriated  by  or  imder  the  act  will  be  proposed.  The 
information  furnished  shall  be  sufficient  to  enable  the  Secretary 
to  determine  whether  it  is  likley  that  the  money  apportioned  to 
the  State  will  be  expended,  and  the  roads  constructed  will  be 
properly  maintained,  in  accordance  with  the  terms  of  the  act. 

Sbc.  2.  Information  requested  by  the  Secretary  or  his  author- 
ized representative,  relating  to  the  maintenance  of  roads  con- 
structed under  the  provisions  of  the  act,  shall  be  furnished,  from 
time  to  time,  by  the  State  highway  departments,  on  forms  sup- 
plied by  the  Office  of  Public  Roads. 

Ssc.  3.  Data  furnished  by  or  on  behalf  of  a  State  shall  be  sup- 
plemented by  such  reports  of  the  Office  of  Public  Roads  as  the 
Secretary  may  from  time  to  time  require  before  he  decides  whether 
the  State  has  complied  with  the  terms  of  the  act  or  has  presentcMi 
a  project  statement  which  should  be  approved. 

Regulation  4. — Prqject  Statements 

Section  1.  A  project  statement  shall  contain  all  information 
necessary  to  enable  the  Secretary  to  ascertain  (a)  whether  the 
project  conforms  to  the  requirements  of  the  act;  (b)  whether  ade- 
quate fimds,  or  their  equivalent,  are  or  will  be  available  by  or  on 
behalf  of  the  State  for  construction;  (c)  what  purpose  the  project 
will  serve  and  how  it  correlates  with  the  other  hSghway  work  of 
the  State;  (d)  the  administrative  control  of,  and  responsibilily  for, 
the  project;  (e)  the  practicability  and  economy  of  the  project 
from  an  engineering  and  construction  standpoint;  (J)  the  ade- 
quacy of  the  plans  and  provisions  for  proper  maintenance  of 
roads;  and  (g)  the  approximate  amount  of  Federal  aid  desired. 
With  each  statement  there  shall  be  submitted  for  the  approval 
of  the  Secretary  copies  of  the  form  of  contract,  together  wiUi  all 
documents  referred  to  therein  or  made  part  thereof,  and  of  the 
contractor's  bond  which  it  is  proposed  to  use  on  the  project.  No 
alteration  of  such  forms  shall  be  made  until  it  is  approved  by  the 
Secretary. 
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Sbc.  2.  Suitable  fonxid  for  project  statements  will  be  supplied 
by  the  Office  of  Public  Roads. 

Sbc.  3.  Project  statements  for  any  fiscal  year  may  be  sub- 
mitted at  any  time  after  the  apportionment  for  that  year  shall 
have  been  made. 

Sec.  4.  Projects  will  be  deemed  preferred  and  recommended 
for  approval  by  the  State  highway  department  in  the  order  in 
which  the  project  statements  are  submitted,  unless  it  be  other- 
wise specified  in  writing,  but  the  Secretary  may,  in  his  discre- 
tion, consider  the  projects  in  a  different  order. 

Sec.  5.  Each  project  statement  shall  be  accompanied  by  a 
sketch  map  showing  the  location  of  the  proposed  project  and  all 
main  contiguous  transportation  features. 

Sec.  6.  Suitable  samples  of  materials  suggested  for  use  in  the 
construction  of  a  project  shall  be  submitted  to  the  Office  of 
Public  Roads,  whenever  requested  by  it,  for  examination  prior 
to  the  Secretary's  decision  on  the  project  statement. 

Sec.  7.  Where  any  part  of  the  cost  of  a  project  is  to  be  fmr- 
nished  by  a  county  or  other  local  subdivision  or  subdivisions  of  a 
State,  the  project  statement  shall  be  accompanied  by  certified 
copy  of  each  resolution  or  order,  if  any,  of  the  appropriate  local 
officials  reefpecting  the  funds  which  are  or  will  be  made  available, 
or  respecting  the  supervision  of  the  construction  of  the  road  and 
of  the  expenditure  of  the  money  provided  or  to  be  provided  for 
paying  such  cost. 

RegtUatum  6, — Surveys,  Plans,  Specifications,  and  Estimaies. 

Section  1.  Surveys  and  plans  shall  show,  in  convenient  form 
and  sufficient  detail,  according  to  accepted  engineering  practice, 
necessary  data  in  connection  with  the  specifications  and  esti- 
mates, to  enable  the  Secretary  to  ascertain  and  pass  upon  loca- 
tion, grades,  drainage,  bridges,  other  structiu'es,  special  and  im- 
UBual  features,  the  work  to  be  performed,  and  the  probable  cost 
thereof. 

Sec.  2.  Specifications  shall  set  forth  the  proposed  method  of 
construction,  type  of  construction,  materials  to  be  used,  and  other 
essentials,  in  such  detail  as  to  afford  complete  knowledge  of  all 
steps  to  be  taken  in  the  construction  of  the  project. 

Sec.  3.  The  estimate  for  each  project  shall  show  the  esti- 
mated quantity  and  cost  of  each  item  of  construction  in  detail 
and,  separately,  the  10  per  cent  fund,  and  shall  not  include  any 
expense  of  advertising. 

Sec.  4.  Rights  of  way  necessary  for  any  project  shall  be  pro- 
vided, and  any  incidental  damages  to  adjoining  property  due  to 
construction  work  paid  by  or  on  behalf  of  the  State,  and  the  ex- 
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peDse  thereof  shall  not  be  included  in  the  estimate  or  paid  in  any 
part,  directly  or  indirectly,  by  the  Federal  Government. 

Sec.  5.  Grade  crossings  shall  be  avoided  where  practicable. 
The  estimated  cost  of  eluninating  a  grade  crossing  shall  not  in- 
clude any  amount  the  State,  county,  or  other  civil  subdivision 
has  received,  is  to  receive,  or  is  entitled  to  receive,  directly  or 
indirectly,  as  reimbursement  or  payment  from  the  owner  of  a 
pubUc  utility  for  or  on  accoimt  of  such  elimination. 

Sec.  6.  No  part  of  the  expense  of  making  surveys,  plans,  spec- 
ifications, or  estimates,  by  or  on  behalf  of  tbe  State  prior  to  the 
beginning  of  construction  work,  shall  be  included  in  the  estimate 
or  paid  by  the  Federal  Government. 

Sec.  7.  When  plans,  specifications,  and  estimates  have  been 
approved  by  the  Secretary,  no  alteration  thereof  shall  be  made 
without  his  approval. 

Sec.  8.  For  all  projects  for  which  statements  are  submitted 
after  December  31,  1916,  standards  governing  the  form  and  ar- 
rangement of  plans,  specifications,  and  estimates  will  be  here- 
after prescribed  and  promulgated  by  the  Secretary. 

Regulation  6. — Project  Agreements 

Section  1.  A  project  agreement  between  the  State  highway 
department  and  the  Secretary  shall  be  executed,  in  tripUcate,  on 
a  form  furnished  by  him,  previous  to  commencement  of  the  con- 
struction of  the  project. 

RegviUUion  7. — CorUracts 

Section  1.  No  part  of  the  Federal  money  set  aside  on  account 
of  any  project  shall  be  paid  until  it  has  been  shown  to  the  satis- 
faction of  the  Secretary  that  adequate  means,  either  by  adver- 
tising or  by  other  devices  appropriate  for  the  piurpose,  were  em- 
ployed, prior  to  the  beginning  of  construction,  to  insure  the  eco- 
nomical and  practical  expenditure  of  such  money. 

Sec.  2.  Immediately  on  publication  of  advertisements,  copies 
thereof  shall  be  furnished  to  the  Office  of  Public  Roads. 

Sec.  3.  Bids  shall  be  in  such  form  that  the  unit  prices  at  which 
the  various  services  are  to  be  performed  and  the  various  mate- 
rials furnished  will  be  clearly  shown. 

Sec.  4.  Copy  of  the  tabulated  bid  prices,  showing  the  unit 
prices  and  the  totals  of  each  bid  for  every  project,  sludl  be  fur- 
nished promptly  to  the  Office  of  Public  Roads. 

Sec.  5.  In  advance  of  the  acceptance  of  any  bid,  sufficient 
notice  of  the  time  and  place  the  contract  is  to  be  awarded  shaJl 
be  given  to  the  Office  of  Public  Roads  to  enable  it,  if  it  so  desire, 
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to  have  a  representative  present.  When  a  bid  has  been  accepted 
prompt  notice  thereof  shall  be  given  to  the  Office  of  Public  Roads. 

Sec.  6.  If  the  contract  be  awarded  to  any  other  than  the  low- 
est reeponsible  bidder,  the  Federal  Government  shall  not  pay 
more  than  its  pro  rate  share  of  the  lowest  responsible  bid,  imless 
it  be  satisfactorily  shown  that  it  was  advantageous  to  the  work 
to  accept  the  higher  bid. 

Sbc.  7.  A  copy  of  each  contract  as  executed  shall  be  imme- 
diately certified  by  the  State  highway  department  and  furnished 
to  the  Office  of  Public  Roads. 

Sec.  8.  The  specifications  and  plans  shall  be  made  a  part  of  the 
contract. 

Sec.  9.  No  alteration  in  such  contract  shall  be  made  without 
the  approval  of  the  Secretary. 

Regulation  8. — Construction  Work  and  Labor 

Section  1.  Suitable  samples  of  materials  to  be  used  in  con- 
struction work  shall  be  submitted  by  or  on  behalf  of  the  State 
h^way  department,  to  the  Office  of  Public  Roads  whenever 
requested. 

Sec.  2.  Unless  otherwise  stipulated  in  writing  by  the  Secre- 
tary or  his  authorized  representative,  materials  for  the  construc- 
tion of  an^  project  shall,  prior  tO'  use,  be  tested  for  conformity 
with  specifications,  according  to  methods  prescribed  or  ap- 
proved by  the  Office  of  Public  Roads. 

Sec.  3.  Unless  otherwise  specifically  stipulated  in  the  project 
agreement,  bridges,  viaducts  and  underpasses  shall  have  clear 
width  of  roadway  of  not  less  than  16  feet  and  clear  head  room  of 
not  less  than  14  feet  for  a  width  of  8  feet  at  the  center. 

Sec.  4.  No  part  of  the  money  apportioned  tmder  the  act  shall 
be  used,  directly  or  indirectly,  to  pay,  or  to  reimburse  a  State, 
county,  or  local  subdivision  for  the  payment  of  any  premium  or 
royalty  on  any  patented  or  proprietary  material,  specification, 
process,  or  type  of  construction,  imless  purchased  or  obtained 
on  open  actual  competitive  bidding  at  the  same  or  a  less  cost  than 
unpatented  articles  or  methods  equally  suitable  for  the  same 
purpose. 

Sec.  5.  The  supervision  of  each  project  by  the  State  highway 
department  shall  include  adequate  inspection  throughout  the 
course  of  construction. 

Sec.  6.  Written  notice  of  commencement  and  completion  of 
construction  work  on  any  project  shall  be  given  promptly  by  the 
State  highway  department  to  the  Office  of  Public  Roads. 

Sec.  7.  Reports  of  the  progress  of  construction,  showing  force 
employed  and  work  done,  shall  be  furnished,  from  time  to  time, 
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whenever  requested  by  the  Secretajpy  or  his  authorized  repre- 
sentative. 

Sec.  8.  Labor,  teams,  materials,  and  equipment  furnished,  in 
lieu  of  money,  by  or  on  behalf  of  the  State  highway  department 
on  construction  work  shall  be  used  only  on  such  terms  and  condi- 
tions as  are  set  forth  in  the  project  agreement. 

Regidatian  9, — Records  and  Cost  Keeping 

Section  1.  A  separate  accoxmt  for  each  project  shall  be  so 
kept,  by  or  under  the  direction  of  the  State  lughway  department 
as  to  enable  the  secretary,  or  his  authorized  representative,  to 
ascertain  at  any  time  the  expenditures  on  and  the  liabilities 
against  the  project  and,  separately,  the  condition  of  the  10  per 
cent  fimd. 

Sec.  2.  Such  other  records  of  contract  and  force  account  work, 
and  of  inspections  and  tests  by  or  on  behalf  of  the  State,  shall  be 
kept,  by  or  \mder  the  direction  of  the  State  highway  department, 
as  will  enable  the  Secretary,  or  his  authorized  representative,  at 
any  time  to  determine  the  condition  of  the  construction  and  main- 
tenance of,  and  the  cost  to  the  State  and  the  Federal  Government 
of  the  construction  work  and  labor  done  on  any  project. 

Sec.  3.  The  accoimts  and  records,  together  with  all  supporting 
documents,  shall  be  open,  at  all  times,  to  the  inspection  of  the 
Secretary,  or  his  authorized  representative,  and  copies  thereof 
shall  be  furnished  when  requested. 

Sec.  4.  Certified  copies  of  pay  rolls  on  force  accoimt  work 
and  of  all  vouchers  for  other  expenditures  shall  be  furnished, 
whenever  requested  by  the  Secretary  or  his  authorized  represen- 
tative. 

Sec.  5.  Whenever  requested  by  the  Secretary  or  his  author- 
ized representative,  unit  costs  on  any  project  shall  be  kept  on 
forms  furnished  by  the  Office  of  Public  Roads. 

Regulation  10. — Payments 

Section  1.  Vouchers,  in  the  form  provided  by  the  Secretary 
and  certified  as  therein  prescribed,  showing  amounts  expended 
on  any  project  and  amount  claimed  to  be  due  from  the  Federal 
Government  on  accotmt  thereof,  shall  be  submitted  by  the  State 
highway  department  to  the  Office  of  Public  Roads,  either  after 
completion  of  construction  of  the  project  or,  if  the  Secretary  has 
determined  to  make  payments  as  the  construction  progresses,  at 
intervals  of  not  less  than  one  month. 
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Regulation  11.— Office  of  Public  Roads 

Section  1.  Papers  and  documents  required  by  the  act  or  these 
regulations  to  be  submitted  to  the  Secretary  may  be  delivered 
to  the  OfBice  of  Public  Roads  and  from  the  date  of  such  delivery 
shall  be  deemed  submitted. 


APPROPRIATIONS  FOR  ROADS  AND  TRAILS 

WITHIN  OR  PARTLY  WITHIN  THE 

NATIONAL  FORESTS 

The  annual  appropriation  of  $1)000,000  for  roads  within  or 
partly  within  the  national  forests  has  been  apportioned  by  the 
Secretary  of  Agriculture  as  follows:  10  per  cent  of  the  amoimt 
available  annually  is  witheld  as  a  contingent  fund.  One-half 
of  the  remainder  is  allotted  to  the  States  in  amounts  based  on 
the  area  of  national  forests  in  each.  The  other  half  is  appor- 
tioned on  the  basis  of  the  estimated  value  of  timber  and  forage 
resources  which  the  national  forests  contain.  Amounts  appor- 
tioned but  tmexpended  within  three  years,  and  any  balance  of 
the  contingent  ftmd  which  remains  unapportioned  at  the  end  of 
each  year,  will  be  reapportioned  on  the  same  basis  as  the  original 
allotments. 

Certain  States  have  been  grouped  together  in  making  apportion- 
ments. Group  W  comprises  Florida,  Michigan,  Minnesota, 
Nebraska,  North  Dakota  and  Oklahoma.  Group  E  comprires 
Georgia,  Maine,  New  Hampshire,  North  and  South  Carolina, 
Tennessee,  Virginia  and  West  Virginia. 

The  appropriations  are  for  fiscal  years.  The  tabulated  fig- 
ures for  1917  and  1918  are  for  the  twelve  months  ending  on  June 
30  of  those  years. 


Alaska. . . . 
Arisona. . . 
Arkaosas.. 
Calif omia 
Colorado.. 

Idaho 

Montaiia.. 
Nevada... 


1017 

1918 

$46,280 

$46,354 

59,795 

58,604 

11,294 

9,803 

140,763 

140,9£n$ 

62,335 

62,575 

108,010 

108,730 

69,901 

70,042 

19,195 

19,296 

New  Mexico 

Oregon 

South  Dakota... 

Utah 

Washington 

Wyoming 

Group  W. 

Group  E 


$42,622 

127,794 

8,115 

40,982 

91,739 

40,566 

9,552 

21,057 


1018 


$42,495 

128,111 

8,092 

41,167 

91,944 

40,684 

9,995 

21,120 


RULES  AND  REGULATIONS  OF  THE  SECRE- 
TARY OF  AGRICULTURE  UNDER  SECTION 
8  OF  THE  FEDERAL-AID  ROAD  ACT 

Issued  September  1,  1916 
RegukUion  1. — Definitions 

For  the  purposes  of  these  regulations  the  following  termB  shall 
be  construed,  respectively,  to  mean:. 

Section  I.  Act.  Section  8  of  an  act  of  Congress  entitled  ''An 
act  to  provide  that  the  United  States  shall  aid  the  States  in  the 
construction  of  rural  post  roads,  and  for  other  purposes/'  ap- 
proved July  11, 1916.    (PubUc,  No.  156,  64th  Congress.) 

Sec.  2.  Secretary.  The  Secretary  of  Agriculture  of  the  United 
States. 

Sec.  3.  Office  of  Public  Roads.  The  Oifice  of  Public  Eoads  and 
Rural  Engineering  of  the  United  States  Department  of  Agricul- 
ture. 

Sec.  4.  Local  authority.  The  State,  Territory,  or  county,  jointly 
or  severally,  making  application  for  the  survey  and  construction 
of  a  road  or  entering  into  a  cooperative  agreement  witih  the 
Secretary. 

Sec.  5.  State.  Any  State  or  Territory. 

Sec.  6.  Road.  A  road,  trail,  or  bridge. 

Sec.  7.  National  forest  road.  A  road  constructed  or  to  be  con- 
structed in  cooperation  with  the  local  authorities  under  the 
direct  supervision  of  the  Secretary  of  Agricultiu*e  and  paid  for, 
in  whole  or  in  part,  out  of  moneys  made  available  by  the  act. 

Sec.  8.  Cooperative  road.  A  road  constructed  or  to  be  con- 
structed under  State,  Territory,  or  county  supervision  and  under 
cooperative  agreement  as  provided  in  the  act,  but  paid  for  out 
of  funds  other  than  those  appropriated  by  the  act. 

Sec.  9.  Constmction.  Reconstruction  and  improvement  of 
roads,  as  well  as  original  construction. 

Sec.  10.  Maintenance  or  properly  maintain.  The  making  of 
needed  repairs  and  the  preservation  of  a  reasonably  smooth  sur- 
face, considering  the  type  of  road,  but  not  extraordinary  repairs 
or  reconstruction. 

Sec.  11.  State  highway  department.  Any  department  of  an- 
other name,  or  commission,  or  official  or  officisus,  of  a  State  em- 
powered, under  its  laws,  to  exercise  the  functions  ordinarily  exer- 
cised by  a  State  highway  department. 

22 
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Regulation  2. — Apportionment 

Section  1.  Ten  per  cent  of  each  annual  appropriation  shall 
be  withheld  as  a  special  fund,  from  which,  as  directed  by  the 
Secretary,  the  apportionment  to  any  State  as  hereafter  provided 
may  be  increased,  and  from  which  there  shall  be  paid  such  amounts 
as  the  Secretary  may  find  necessary  for  the  general  administra- 
tion of  the  provisions  of  the  act.  The  remaining  ninety  per 
cent  of  each  annual  appropriation  shall  be  apportioned  to  the 
States  as  follows:  One-half  on  the  basis  that  the  aggregate  area 
of  the  lands  of  the  United  States  in  the  national  forests  in  each 
State  bears  to  the  total  land  area  of  such  State,  and  one-half  in 
the  proportion  that  the  estimated  value  of  timber  and  forage 
resources  of  the  national  forests  in  such  State  bears  to  the  total 
value  of  timber  and  forage  resources  of  the  national  forests  of 
all  the  States:  Promded,  however,  That  in  such  apportionment 
the  States  of  Florida,  Michigan,  Minnesota,  Nebraska,  North 
Dakota,  and  Oklahoma  shsdl  be  considered  as  a  unit  of  appor- 
tionment, and  the  States  within  which  lands  have  been  acquired 
by  the  United  States  under  the  provisions  of  the  act  of  March  1, 
1911  (36  Stat.,  961),  entitled  "An  act  to  enable  any  State  to 
cooperate  with  any  other  State  or  States  or  with  &e  United 
States  for  the  protection  of  watersheds  of  navigable  streams,  and 
to  appoint  a  commission  for  the  acquisition  of  lands  for  the  pur- 
pose of  conserving  the  navigability  of  navigable  rivers,"  known 
as  the  Weeks  law,  shall  also  be  considered  as  a  unit  of  apportion- 
ment. 

Sec.  2.  The  apportionment  for  the  fiscal  year  ending  Jtme  30, 
1917,  shall  be  made  as  of  the  date  of  the  approval  of  these  regu- 
lations, and  on  or  before  the  1st  day  of  January  next  preceding 
the  commencement  of  each  succeeding  fiscal  year  the  Secretary 
wiU  make  like  apportionment  for  such  fiscal  year. 

Sec.  3.  Any  amounts  apportioned  to  the  States  as  herein  pro- 
vided remaining  unexpended  for  a  period  of  three  years  idTter 
such  apportionment  may  be  reapportioned  by  the  Secretary  to 
the  several  States  in  the  manner  provided  for  original  appor- 
tionment. 

Regulation  S. — Applications 

Section  1.  Application  for  the  survey,  construction,  and 
maintenance  of  roads  under  the  act  shall  be  made  by  the  proper 
looal  authority  to  the  Secretary  upon  forms  furnished  by  the 
Forest  Service  and  filed  in  the  district  office  of  the  Forest  Service 
for  the  district  within  which  the  proposed  road  is  located.  Any 
application  by  a  county  in  a  State  having  a  State  highway  de- 
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partment  shall,  before  filing,  be  referred  to  such  department  for 
its  recommendation,  which  shall  be  filed  with  the  application. 

Sec.  2.  Applications  for  the  fiscal  year  ending  June  30,  1917, 
shall  be  filed  on  or  before  October  1,  1016,  and  for  each  succeed- 
ing fiscal  year  on  or  before  the  1st  day  of  January  next  preceding 
such  fiscal  year. 

Sec.  3.  Each  application  shall  contain:  (a)  Satisfactory  evi- 
dence of  authority  to  make  application  on  behalf  of  the  State, 
Territory,  or  county,  and  to  enter  into  a  cooperative  agreement 
with  the  Secretary  for  the  survey,  construction,  and  maintenance 
of  the  proposed  road;  (b)  a  statement  of  the  public  needs  to  be 
served  by  the  proposed  road  and  the  manner  in  and  extent  to 
which  such  road  is  necessary  for  the  use  and  development  of  the 
resources  upon  which  communities  within  or  adjacent  to  the 
nationsd  forests  are  dependent;  (c)  a  statement  showing  (1)  the 
general  location  of  the  proposed  road,  (2)  its  termini,  length, 
grades,  and  estimated  cost,  and  (3)  the  name,  population,  and 
location  with  respect  to  the  proposed  road  of  each  community 
that  would  be  benefited  thereby;  and  (d)  proposals  for  coopera- 
tion, giving  in  detail  the  amount  and  extent  of  the  cooperation 
offered,  whether  in  money,  materials,  labor,  or  the  construc- 
tion of  a  cooperative  road  and  whether  cooperative  moneys  will 
be  held  and  disbursed  by  the  local  authority  or  will  be  deposited 
in  the  United  States  Treasury  in  accordance  with  the  provisions 
of  the  act  of  Congress  approved  June  30,  1914  (38  Stat.,  415, 
430),  entitled  "An  act  making  appropriations  for  the  Depart- 
ment of  Agriculture  for  the  &cal  year  ending  June  30,  1915,'' 
creating  a  special  fund  of  contributions  for  cooperative  forest 
work,  available  until  expended,  for  the  payment  of  the  expenses 
of  such  work  and  for  refunds  to  the  contributors  of  amounts  paid 
by  them  in  excess  of  their  share  of  such  work. 

Sec.  4.  Applications  which  are  not  approved  for  the  fiscal 
year  for  which  made  will  be  retained,  and  unless  modified  or 
withdrawn  by  the  appUcant  will  be  considered  for  succeeding 
fiscal  years. 

Regvlation  4* — Selection  of  Projects 

Section  1.  The  Forest  Service  shall  prepare:  (a)  A  project 
plan  for  each  State,  providing,  as  far  as  practicable,  for  a  com- 
prehensive road  system  in  the  national  forests,  showing  in  the 
order  of  t^eir  importance  the  roads  within  or  partly  within  the 
national  forests  which  it  beUeves  should  be  constructed;  (6) 
maps  showing  the  road  system  for  each  national  forest  and  de- 
limiting the  projects  listed,  as  provided  in  section  3  hereof,  with 
a  mark  or  marks  of  identification  for  each;  and  (c)  a  statement 
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for  each  county  in  which  there  is  a  national  forest,  showing  the 
maximum  amount  which  may  be  expended  therein  under  the 
act.  Such  project  plans,  maps,  and  statements  shall  be  sub- 
mitted to  the  Secretary  for  approval,  and  after  such  approval 
shall  be  transmitted  to  the  Office  of  PubUc  Roads  for  its  infor- 
mation. 

Sxc.  2.  Unless  satisfactory  data  are  already  available,  recon- 
noissance  surveys  and  preliminary  cost  estimates  shall  be  made 
by  or  under  the  direction  of  the  Office  of  PubUc  Roads  of  all  road 
projects  for  which  proper  apphcation  has  been  made. 

Sbc.  3.  A  list  of  the  projects  appUed  for,  arranged  as  to  each 
State  in  the  order  in  whicn  construction  is  recommended,  shall 
be  forwarded  each  year  for  presentation  to  the  Secretary.  The 
project  list  as  approved  by  the  Secretary  shall  determine  the 
order  of  construction  for  each  year. 

Regvlatian  5.— Cooperative  Agreement 

Section  1.  Upon  the  approval  of  any  project  list,  a  coopera- 
tive agreement  for  execution  by  the  Secretary  and  the  local  author- 
ity shall  be  prepared  by  the  solicitor  from  data  furnished  by  the 
Fdrest  Service  and  the  Office  of  Public  Roads  for  each  of  those 
projects,  in  the  order  Usted,  for  which  funds  are  or  will  be  avail- 
able, and  shall  provide  for:  (a)  Surveys,  plans,  construction,  and 
maintenance  of  the  project  to  be  done  in  accordance  with  these 
rules  and  regulations;  (p)  amoimt,  value,  and  character  of  co- 
operation; (c)  furnishing  of  labor  and  materials,  the  deposit  of 
cooperative  funds  in  the  Treasury,  or  the  disbursement  of  such 
funds  by  the  local  authority;  (d)  supervision  and  inspection  dur- 
ing construction  and  approval  upon  completion;  (e)  final  account- 
ing to  each  party  to  the  agreement  of  all  labor  or  materials  fur- 
nii^d  and  all  monejrs  expended  under  the  agreement;  and  (J) 
such  other  terms  as  in  the  opinion  of  the  Secretary  should  be 
induded. 

Sec.  2.  The  basis  of  cooperation  shall  be  the  reconnoissance 
survey  estimate  of  the  cost  of  final  survey  and  construction. 
Ckx>peration  shall  be  expressed  as  far  as  feasible  in  percentages. 
If  the  location  survey  estimates  exceed  the  reconnoissance  esti- 
mates by  25  per  cent  or  more,  the  Secretary  shall  so  notify  the 
lo^  authority,  and  at  any  time  within  30  days  either  party  to 
the  agreement  may  apply  for  a  modification  thereof.  If  modifi- 
cations can  be  agreed  upon,  a  supplementaxy  agreement,  if  neces- 
sary, shall  be  drawn;  otherwise,  either  party  may  withdraw  from 
the  agreOQient  upon  30  days'  notice.  In  case  of  such  excess, 
construction  shall  not  be  started  nor  advertisements  made  for 
bids  until  final  agreement  is  reached. 
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Sbc.  3.  Each  local  authority  will  be  required  to  cooperate  as 
herdn  defined  in  an  amount  at  least  equal  to  50  per  cent  of  the 
estimated  cost  of  the  final  survey  and  construction  and  the  en- 
tire cost  of  maintenance  of  national  forest  roads,  unless  a  satis- 
factory showing  is  made  to  the  Secretary  tiiat  such  an  amount  of 
cooperation  is  inequitable.  Cooperation  by  local  authorities 
may  be  in  the  form  of  money,  labor,  materials,  or  the  construc- 
tion of  coperative  roads,  and  the  amount  and  value  thereof  shall 
be  fixed  by  the  Secretary.  Cooperation  in  the  form  of  road  con- 
struction will  be  accepted  only  when  such  cooperative  road  con- 
nects with  and  is  an  extension  of  a  national  forest  road,  and  to 
the  extent  only  that  such  road  is  necessary  to  furnish  a  connec- 
tion between  a  national  forest  road  and  the  general  State,  Terri- 
tory, or  county  road  system.  Such  cooperative  road  may  be 
either  within  or  without  national  forest  boundaries. 

Regulation  6. — Surveys,  Constmction,  and  Maintenance 

Section  1.  Upon  the  execution  of  a  cooperative  agreement  the 
Office  of  Public  Roads  shall  proceed  with  the  survey  and  construc- 
tion of  the  road  in  accordance  with  such  cooperative  agreement. 

Sec.  2.  National  forest  roads  shall  be  constructed  under  the 
supervision  of  the  Office  of  Public  Roads,  in  accordance  with 
plans  prepared  by  it  and  approved  by  the  Forest  Service.  The 
maintenance  of  such  roads  i^all  be  under  the  supervision  of  the 
Office  of  Public  Roads,  unless  otherwise  provided  in  the  agree- 
ment. 

Sec.  3.  Cooperative  roads  shall  be  constructed  in  accordance 
with  plans  made  as  provided  in  the  cooperative  agreement  and 
approved  by  the  Office  of  Public  Roads  and  the  Forest  Service. 
Such  roads  shall  be  subject  to  approval  by  the  Secretary  on  com- 
pletion, and  to  inspection  by  the  Office  of  Public  Roads  during 
construction  and  maintenance.  Cooperative  roads  shall  be 
maintained  by  the  local  authorities. 

Sec.  4.  If  a  cooperative  road  is  not  constructed  as  provided 
in  the  preceding  section,  or  any  road  constructed  under  a  coop- 
erative agreement  is  not  properly  maintained  in  accordance  with 
its  terms,  or  there  is  failure  to  comply  with  any  other  of  its 
terms,  the  Secretary  will  give  notice  of  such  fact  to  the  proper 
local  authority.  If  within  four  months  from  the  receipt  of  such 
notice  the  tenns  of  such  agreement  are  not  complied  with,  the 
Secretary  will  thereafter  r^use  to  enter  into  any  other  coopera- 
tive agreement  with  such  local  authority  untU  complisjice  has 
been  made  with  the  original  agreement. 
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RegtUation  7. — Accounting 

Section  1.  All  Federal  funds  expended  for  road  construction 
under  the  act  and  all  cooperative  funds  which  may  be  deposited 
in  the  United  States  Treasury  in  accordance  with  the  act  of  Con- 
gress approved  June  30,  1914  (38  Stat.,  415,  430),  mentioned  in 
section  3  of  regulation  3,  shall  be  disbursed  as  directed  by  the 
Secretary  of  Apiculture. 

Sec.  2.  Cooperative  fluids  used  for  the  survey  and  construc- 
tion of  national  forest  roads  but  not  deposited  in  the  Treasury 
shall  be  disbursed  by  the  local  authority  only  upon  vouchers 
approved  by  the  OfB^ce  of  Public  Roads. 

Sec.  3.  A  separate  accoimt  shall  be  kept,  as  directed  by  the 
Secretary,  of  all  moneys  disbursed  for  national  forest  roads  show- 
ing the  States  and  counties  within  which  and  the  projects  upon 
which  such  moneys  have  been  expended,  and  the  Secretary  will 
furnish  to  the  local  authorities  a  detailed  statement  of  such 
expenditures  as  soon  as  practicable  after  the  completion  of  every 
project. 

Sec.  4.  Unless  otherwise  directed  by  the  Secretary,  records 
of  the  costs  of  survey  and  construction  of  all  road  projects, 
whether  cooperative  or  national  forest  roads,  shall  be  kept  upon 
forms  to  be  supplied  by  the  Office  of  Public  Roads.  If  the  Secre- 
tiuy  shall  so  direct,  progress  statements  or  reports  shall  be  sub- 
mitted from  time  to  time  to  the  Office  of  PubUc  Roads  on  forms 
supplied  by  that  office,  and  within  90  days  after  the  completion 
of  a  project  the  locid  authority  shall  submit  to  the  Secretary  a 
final  report  of  the  project  on  a  form  supplied  by  the  Office  of 
Public  Roads. 

Sec.  5.  Immediately  upon  the  execution  of  a  cooperative 
agreement  the  Secretary  will  notify  the  Secretary  of  the  Treas- 
ury of  the  amoimt  to  be  expended  by  the  United  States  within  or 
adjacent  to  any  national  forest  thereimder,  and  upon  the  com- 
pletion of  each  project  and  the  closing  of  the  project  accounts 
relating  thereto  the  Secretary  will  submit  to  the  Secretary  of  the 
Treasury  a  statement  of  the  total  expenditures  of  Federal  funds 
made  on  accoimt  thereof  and  the  distribution  of  such  expendi- 
tures to  each  nationid  forest  concerned. 


FACTORS    OF    APPORTIONMENT     TO     STATES 
UNDER  FEDERAL-AID  ROAD  ACT.     APPRO- 
PRIATION FOR  THE  FISCAL  YEAR  1917 
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AUbama 

Atuoda 

Arkanflu 

California 

Colorado 

Conneotaout 

Delaware 

Florida 

Georgia 

Idaho 

lUinole 

Indiana 

Iowa. 

Kansas 

Kentueky 

Louisiana 

Maine 

Maryland 

Massachusetts.... 

Michigan 

Minnesota 

MisBissippi 

Missouri 

Montana. 

Nebraska 

Nevada. 

New  Hampshire.. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina. . . 
North  Dakota.... 
Ohio 

Oklahoma 

Oregon 

Pennsylvania 

Rhode  Island 

South  Carolina... 
South  Dakota.... 

Tennessee 

Texas 

Utah 

Vennont 

Vixsinia 

Washington, 

West  Virginia 

Wisconsin 

Wyoming 

Total 


▲UAASor  1010 

UHITBD  WftATMM 


Square 


51.098 

lld,OM 

53.335 

158.207 

103.048 

4.055 

2.370 
58.665 

50,265 


56.665 

36,354 

56.147 
82.158 
40.506 

48.506 
83.040 
12,327 

8,266 
57,080 
84,682 

46,865 

60,420 
146,007 

77,520 

110.600 

0.841 

8.224 

122.634 

40.204 

52.426 
70,837 
41,040 

70.057 
06,600 
46,126 

1,248 
30.060 
77,615 

42,022 
265,806 

84,ogo 

0.664 
42.627 
60,127 

24.170 
56,066 

07,014 


3,026.710 


Peroent- 


1.71706 
3.76500 
1.76214 

5.22000 
3.43435 
0.16404 

0.07830 
1.08827 
1.05806 

2.77158 
1.87216 
1.20110 

1.86605 

2.71442 
1.34182 


1.1 

1.00161 

0.40727 

0.27310 
1.01561 
2.70782 

1.54838 
2.20357 
4.85664 

2.56110 
3.66710 
0.30862 

0.27171 
4.05171 
1.62565 

1.73211 
2.34030 
1.35502 

2.81462 
3.10485 
1.40002 

0.04123 
1.02385 
2.56433 

1.38837 
8.78406 
2.80700 

0.31500 
1.40836 
2.28380 

0.70655 
1.85237 
3.83400 


100.00000 
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2.138,003 
204,354 

1,574,440 

2,377,540 

700,024 

1,114,756 

202,322 

752,610 

2,600,121 

325,504 
5,638,501 
2.700,876 

2,224,771 
1,600,040 
2,280,005 

1,656388 

742,371 

1.205,346 

3.366,416 
2.810.173 
2,075,708 

1,707,114 

8,303,335 

376,053 

1,102,214 

81,875 

430,572 

2.537.167 

327,301 

0,113,614 

2,206,287 

577,056 

4,767.121 
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UNITED  STATES  OFFICE  OF  PUBLIC  ROADS 

AND  RURAL  ENGINEERING 

The  Office  of  Road  Inquiry  was  established  by  Congress  in 
1893  to  investigate  ssrstems  of  road  management  and  methods  of 
road  making,  and  to  make  public  information  on  these  subjects. 
During  the  twenty  years  following  the  establishment  of  the  Koad 
Office,  these  duties  were  gradually  extended  and  broadened  so  as 
to  include  the  physical  and  chemical  testing  of  road  materials, 
and  the  conducting  of  field  experiments.  In  1912,  under  the 
Post  Office  appropriation  bill.  Congress  placed  the  construction 
and  iinprovement  of  certain  post  roads  under  the  supervision  of 
this  Office.  The  agricultural  appropriation  act  of  1915  directed 
the  Secretanr  of  Agriculture  to  submit  a  plan  for  reorganizing 
the  work  of  his  Department.  The  plan  he  submitted  became  ef- 
fective July  1,  1915.  The  Office  of  Public  Roads  became  the 
Office  of  Ftiblic  Roads  and  Rural  Engineering,  and  took  charge 
of  all  that  part  of  the  Department's  agricultural  work  which  par- 
took in  any  way  of  an  engineering  nature.  In  1916,  the  Secretary 
of  A^culture  directed  the  Office  to  act  for  him  in  the  routine 
administration  of  the  Federal  Aid  Road  Act. 

Educatumal  Work. — ^The  work  of  the  Office  as  now  organized 
ma^be  conveniently  grouped  into  three  general  classes:  (1)  Edu- 
cational or  extension:  (2)  investigational  or  research;  (3)  adminis- 
tration of  the  Federal  Aid  Road  Act. 

The  education  work  is  conducted  in  four  stages: 

1.  Reaching  the  people  by  means  of  lectures,  addresses,  the 
publication  of  bulletins,  the  exhibit  of  models,  etc.,  and  teaching 
them  the  economic  value  of  improved  roads  and  the  efficiency  of 
various  ^jrpes. 

2.  Givmg  special  advice  and  assistance,  where  the  problem  to 
be  solved  necessarily  involves  a  knowledge  of  community  and 
cooperative  administration  and  of  methods  for  planning  and 
financing  a  sjrstem  of  better  roads.  At  this  sta^e,  since  the 
questions  are  specific  rather  than  general,  the  lecturer  gives  way 
to  the  engineer. 

3.  The  third  step  includes  an  actual  demonstration  of  construc- 
tion under  government  sup^nrision.  In  fact  the  Office  becomes 
practicallv  a  school  in  r^ard  to  road  construction. 

4.  In  the  fourth  step  the  educational  work  of  the  Office  deals 
with  the  future  in  so  far  as  it  means  maintenance.    In  other 
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words,  in  order  that  the  communities  may  realize  the  fullest 
turns  from  their  investment,  the  people  are  shown  how  to  ade- 
quately care  for  their  public  roads. 

Research  Work. — Fiilly  as  important  as  its  educational  work, 
however,  is  the  research  and  experimental  work  of  the  Office. 
Reasonable  coordination  between  the  investigations  conducted  in 
the  laboratories  and  in  the  field  is  constantly  sought,  and  the  lab- 
oratories have  been  specially  equipped  to  further  this  object. 

In  working  out  such  of  these  problems  as  concern  the  construc- 
tion and  maintenance  of  roads.  Congress  has  made  a  special  ap- 
propriation for  field  experiments,  and  during  the  past  four  years 
test  roads  have  been  constructed  in  the  vicinity  of  Washington. 
These  roads  demonstrate  the  use,  according  to  various  methods, 
of  a  large  number  of  materials,  including  oils,  asphalts,  tars,  con- 
crete, brick,  crushed  stone,  and  gravel.  The  results  of  these 
field  experiments  are  carefully  recorded  and  a  progress  report 
issued  annually.  Every  material  which  is  used  in  the  field  ex- 
periments is  carefully  tested,  analyzed,  and  studied  in  the  labora- 
tories so  that  the  fullest  correlation  is  obtained. 

Organization  to  November  1. — In  order  to  render  its  work  most 
effective,  the  Office  was  organized  before  November  1,  1916,  into 
nine  divisions,  one  of  which  dealt  entirely  with  the  administrative 
work  of  the  Office.    The  other  eight  divisions  were  as  follows: 

Division  of  Road  Comtmction. — Among  projects  within  the 
province  of  this  division  may  be  mentioned  the  following: 

1.  Object  lesson  roads,  which  are  built  for  the  purpose  of  teach- 
ing local  road  officials  the  proper  methods  of  road  construction. 
All  materials,  labor,  and  teams  are  supplied  locally,  while  the 
Office  of  Public  Roads  and  Rural  Engineering  furnishes  the  serv- 
ices of  an  engineer. 

2.  The  county  model  system  project,  which  involves  the  as- 
signment of  an  engineer  to  a  county  to  make  all  necessary  pre- 
liminary investigations  for  the  purpose  of  devising  a  plan  for  the 
administration,  construction,  and  maintenance  of  a  county  sys- 
tem of  highways. 

3.  Bridge  and  culvert  work,  which  consists  of  the  preparation 
of  typical  or  standard  designs,  which  will  be  furnished  where 
suitable,  upon  application  from  any  particular  locality.  Special 
designs  are  prepared  for  localities  where  typical  designs  can  not 
be  used.  Occasionally  designs  prepared  by  bridge  companies  are 
checked  and  reviewed  for  local  officials.  In  addition,  inspections 
of  bridges  are  made  in  conjunction  with  local  officials  and  advice 
given  as  to  the  kind  of  bridges  and  culverts  best  suited  for  local 
use. 

4.  The  superintendence  of  coimty  roads.  This  involves  the 
assignment  of  an  engineer  to  superintend  the  road  work  of  the 
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county  requesting  this  aid.  The  engineer  assigned  makes  a  thor- 
ough study  of  the  county  road  conditions,  with  recommendations 
for  improved  methods  of  adnunistration,  construction,  and  main- 
tenance by  the  properly  authorized  road  officials. 

5.  The  road  survey  project  contemplates  extending  aid  to  local 
conmiunities  by  providing  engineering  assistance  for  making 
surveys. 

6.  The  post  roads  project.  The  Post  Office  appropriation  act 
of  August  24,  1912,  appropriated  $500,000  for  improving,  under 
the  direction  of  the  Secretary  of  Agriculture,  such  roads  as  mi^t 
be  jointly  selected  by  the  Postmaster-General  and  the  Secretary 
of  Agriculture.  After  the  roads  were  selected  the  Secretary  of 
Agriculture  placed  them  under  the  immediate  supervision  of  the 
Office  of  Public  Roads  and  Rural  Engineering.  The  work  under 
this  project  comprises  sections  of  seventeen  post  roads  located  in 
thirteen  States. 

7.  Field  experiments  in  road  construction  are  conducted  with 
a  view  to  ascertaining  the  relative  merits  of  various  road  mate- 
rials in  actual  service  so  that  the  public  may  benefit  by  the  knowl- 
edge thus  obtained. 

8.  Under  the  project  of  inspection  and  advice  an  engineer  is 
assigned  to  a  locality  for  the  purpose  of  making  a  thorou^  study 
of  all  the  road-building  conditions,  which  involve  materials, 
methods  of  construction  and  maintenance,  traffic  requirements, 
and  systems  of  finance  and  management.  He  then  advises  with 
local  officials  as  to  the  kind  or  character  of  improvements  which 
should  be  adopted.  Special  advice  is  also  given  concerning  iso- 
lated problems  that  frequently  exist  in  connection  with  the  road 
work  of  i>articular  locaUties. 

This  division  is  a  part  of  the  Engineering  Branch  in  the  new 
organization. 

Division  of  Road  Maintenance, — Conservation  of  the  enormous 
expenditure  of  pubUc  funds  in  road  construction  has  become  so 
important  and  the  failure  of  local  officials  to  provide  properly  for 
the  necessary  road  maintenance  is  so  general  that  there  has  been 
a  great  demand  on  the  Office  for  assistance  in  this  direction. 
CJonsequently  a  Division  of  Road  Maintenance  was  created  on 
February  16, 1914.  This  work  became  a  section  of  tiie  Engineer- 
ing Branch  of  the  Office  on  November  1,  1916. 

This  section  aims  to  become  a  clearing  house  for  information 
regarding  the  details  of  maintenance  work,  its  cost,  methods,  and 
r^ults.  To  this  end  studies  are  being  made  in  States  having 
well  organized  highway  conunissions  and  in  selected  counties 
where  funds  are  sufficient  to  finance  an  advanced  and  efficient 
highway  system. 

To  give  a  practical  demonstration  of  maintenance  in  counties 
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having  improved  roads  of  the  commoner  types,  such  as  earth, 
sand-day,  and  gravel,  organized  maintenance  is  being  conducted 
idong  about  876  miles  of  a  through  route  from  Washington,  D.  C, 
to  Atlanta,  Ga.  Engineers  furnished  by  the  Office  for  this  work 
make  frequent  inspections  of  the  different  sections  now  under 
maintenance  by  the  patrol  or  gang  system,  and  give  directions  for 
conducting  the  work.  The  various  counties  cooperating  in  this 
work  provide  the  necessary  funds,  except  for  engineers'  salaries 
and  expenses.  At  the  request  of  the  State  Highway  Commission 
of  North  Carolina  a  similar  arrangement  has  been  made  for  the 
maintenance  of  338  miles  of  the  Central  Highway. 

Certain  of  the  post  roads  improved  under  supervision  of  this 
Office  are  being  used,  when  completed,  to  secure  maintenance 
cost  data  representative  of  the  locality.  The  work  is  being  con«- 
ducted  in  cooperation  with  the  States. 

If  the  greatest  benefit  is  to  be  derived  from  the  experimental 
road  work  conducted  by  the  Office,  it  is  essential  to  insure  the 
continuous  maintenance  of  these  roads,  and  to  obtain  very  ac- 
curate cost  data  and  traffic  records.  This  work  is  therefore  being 
conducted  by  the  Office  of  Public  Roads  as  a  major  project.  So 
far,  very  valuable  and  original  results  have  been  secured  and  it  is 
expected  that  the  final  conclusions  will  establish  the  compara- 
tive economy  of  several  important  types  of  road  with  reference  to 
the  traffic  handled. 

Ditnsion  of  National  Park  and  Forest  Roads. — This  division  was 
created  on  February  16,  1914.  It  had  charge  of  certain  road 
work  done  in  the  National  parks,  in  codperation  with  the  Depart- 
ment of  the  Interior,  and  of  road  work  done  in  some  of  the  national 
forests,  in  codperation  with  the  Forest  Service  of  the  Depart- 
ment of  Agriculture.  Congress  has  provided  that  10  per  cent 
of  the  receipts  of  the  Forest  Service  shall  be  expended  in  con- 
structing roads  and  trails  within  the  National  forests,  and  that 
$1,000,000  annually  shall  be  furnished  by  the  federal  government 
for  10  3^ears  for  similar  work.  Since  November  1, 1916,  this  work 
has  been  under  the  Engineering  Branch  of  the  Office. 

Division  of  Road  Economics. — The  work  of  this  tiivision  com- 
prised general  statistical  and  research  investigations,  embodying 
the  collection  of  data  to  show  national  progress  in  road  construc- 
tion and  maintenance,  including  pertinent  laws,  appropriations, 
costs,  mileage,  dimensions,  and  types. 

Investigations  begun  in  1910  to  determine  as  accurately  as 
possible  tibe  economic  results  of  road  improvement  on  the  pros- 
perity and  development  of  the  country,  have  been  completed  and 
the  results  are  now  in  course  of  publication.  Studies  are  under 
way  to  obtain  comprehensive  insight  into  the  methods  of  man- 
agement, construction,  and  maintenance  of  roads  under  local 
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control,  and  also  into  the  organization,  methods  of  operation,  and 
results  accomplished  by  the  various  State  highway  departments. 
An  exhaustive  study  of  the  employment  of  convict  labor  in  road 
work  was  completed  in  1915  and  later  the  conclusions  drawn 
from  this  study  were  given  a  practical  test  in  an  experimental 
camp  in  Fulton  County,  Georgia.  In  addition  to  the  foregoing 
economic  investigations,  economic  studies  are  made  along  the  post 
roads  constructed  in  cooperation  with  the  Post  Office  Depart- 
ment, in  order  to  obtain  the  information  called  for  in  the  appro- 
priation act  which  caused  their  construction.  A  traffic  census  is 
taken  at  regular  intervals  on  the  post  roads  and  on  the  experi- 
mental roads. 

This  division  also  had  general  charge  of  the  lecture  work  of  the 
Office.  Lecturers  are  only  assigned  upon  request  and  then  only 
when  assured  that  the  meeting  has  been  properly  advertised  and 
that  the  attendance  will  justify  the  expense.  Closely  related  to 
this  lecture  work  is  that  of  road  model  exhibits  which  are  dis- 
played at  various  expositions,  road  conventions,  and  similar  meet- 
ings. All  editorial  and  photographic  work,  together  with  the 
library,  which  comprises  approximately  9000  volumes,  was  also 
under  this  division. 

The  division  is  now  a  section  of  the  Management  and  Eco- 
nomics Branch  in  the  new  organization. 

Division  of  Road  Material  Testa  and  Research. — ^The  work  of 
this  division  embraced  the  following  projects: 

1.  Chemical  and  physical  examination  of  all  types  of  road 
materials. 

2.  Microscopic  examination  and  classification  of  all  rocks, 
gravels,  sands,  clays,  etc.,  which  are  of  interest  in  road  construction 
and  maintenance. 

3.  Standardization  of  methods  of  testing  bituminous  and  non- 
bitmninous  road  materials. 

4.  Researches  into  the  occurrence,  manufacture,  and  properties 
of  dust  preventives  and  road  binders. 

5.  Investigations  of  non-bitiuninous  road  materials. 

6.  Inspection  and  advice. 

Under  these  projects  numerous  experiments  are  conducted  in 
cooperation  with  other  divisions  of  the  Office,  with  a  view  to  cor- 
relating laboratory  tests  with  service  results. 

Sampl^  of  rock,  gravel,  sand,  and  clay  are  tested  free  of  charge 
for  any  citizen  of  the  United  States,  provided  they  are  submitted 
strictly  in  accordance  with  printed  instructions  which  are  furnished 
upon  request  and  provided  the  tests  will  not  only  prove  of  value 
in  perfecting  the  records  of  the  Office  with  regard  to  locid  deposits 
but  will  aid  in  the  dissemination  of  information  of  particular  value 
to  highway  engineers. 
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In  certain  instances  samples  of  bituminous  materials  are  tested 
free  of  charge,  when  by  so  doing  information  may  be  secured  to 
further  the  Office  in  its  efforts  to  codrdinate  laboratory  tests  with 
service  results  and  when  such  information  will  aid  it  in  the  prep- 
aration of  specifications  for  materials  of  this  character.  Tests 
are  not  made  for  municipalities. 

This  division  is  now  a  section  of  the  Engineering  Branch.  The 
remaining  divisions  of  the  Office  were  not  concerned  with  road 
work. 

Organization  Since  November  1. — On  November  1,  1916,  the 
organization  was  changed  in  order  to  provide  for  administering 
the  Federal  aid  road  act  as  well  as  the  work  of  the  eig^t  divisions 
of  the  earlier  or^nization.  Under  the  new  organization  there 
are  two  branches  instead  of  ei^t  divisions. 

The  engineering  branch,  in  charge  of  a -chief  engineer,  com- 
prises five  sections,  (1)  highway  construction  and  mainteaiance, 
(2)  road  material  tests  and  research,  (3)  irrigation,  (4)  drain- 
age, and  (5)  rural  engineering.  For  administrative  purposes, 
diffbict  engineering  offices  have  been  established  in  ten  cities, 
each  in  charge  of  a  district  engineer  reporting  to  the  chief  engi- 
neer.   These  districts  are: 

1.  Washington,  Oregon  and  Idaho.  Headquarters,  Port- 
land. 

2.  California,  Nevada,  Arizona  and  New  Mexico.  Head- 
quarters, Berkeley. 

3.  Montana,  Wyoming,  Utah  and  Colorado.  Headquarters, 
Denver. 

4.  North  Dakota,  South  Dakota,  Minnesota  and  Wisconsin. 
Headquarters,  Minneapolis. 

5.  Nebraska,  Iowa,  Kansas  and  Missouri.  Headquarters, 
Omaha. 

6.  Texas,  Oklahoma,  Arkansas  and  Louisiana.  Headquar- 
ters, Forth  Worth. 

7.  Michigan,  Illinois,  Indiana  and  Kentucky.  Headquarters, 
South  Chicago. 

8.  Tennessee,  Mississippi,  Alabama,  Georgia,  South  Carolina 
and  Florida.    Headquarters,  Montgomery. 

9.  New  England,  New  York,  New  Jersey  and  Delaware. 
Headquarters,  Troy. 

10.  Ohio,  Pennsylvania,  Maryland,  West  Virginia  and  North 
Carolina.    Headquarters,  Washington. 

The  management  and  economics  branch  is  imder  the  chief 
of  management  and  comprises  two  sections,  (1)  management, 
exclusive  of  the  engineering  activities  of  the  office,  and  (2) 
engineering  economics. 
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Progress  Report 

During  1916,  in  addition  to  or^nizing  the  staff  for  the  Federal 
Aid  road  work,  5f  miles  of  expenmental  roads  were  built  in  Alex- 
andria CJounty,  Va.,  8  post  roads  were  completed,  recommenda- 
tions for  road  improvements  were  made  to  32  coimties,  113  local 
road  problems  were  investigated,  31  sets  of  bridge  plans  were 
prepared  and  33  investigations  of  bridge  conditions  were  made. 
Tlie  total  area  of  roads  constructed  under  the  supervision  of  the 
Office  during  the  year  was  4,942,762  square  yards.  The  length 
of  road  under  maintenance  supervised  by  the  Office  was  over  1275 
miles.  In  the  national  parks  and  forests  70  miles  of  road  were 
completed. 

The  laboratories  made  routine  chemical  examinations  of  338 
samples  of  bitmninous  materials,  115  metal  samples,  and  21 
samples  of  rock,  sand,  cement  and  other  materials.  Routine 
physical  tests  were  made  of  577  rock  and  slag  samples,  160 
gravel,  155  sand,  clay  and  soil;  31  cement  and  concrete  and  56 
miscellaneous  materials.  The  microscopic  laboratory  examined 
and  classified  574  samples  of  rock  and  slag,  295  of  gravel,  sand 
and  clay,  and  14  of  miscellaneous  materials. 

The  research  work  was  along  the  following  lines:  Effect  of 
exposure  on  tar  products,  bituminous  earth  roads,  effect  of 
various  solvents  on  extracted  bitumen,  penetration  tests  of 
asphalt,  binding  value  of  different  bitumens  with  different  rocks, 
bituminous  materials  for  top  soil  roads,  thickness  of  bituminous 
films  on  aggregates,  the  viscosity  test  of  fluid  bittunens,  the  float 
test  of  heavy  refined  tars,  the  effect  of  colloids  on  bituminous 
material,  the  effect  of  oils  in  oil-cement  concrete,  the  effect  of  the 
proportions  of  sand  and  cement  on  the  tou^ness  of  cement 
mortars,  the  relation  between  the  physical  properties  and  service 
results  of  road-building  gravel,  waterproofing  silos  with  oil- 
cement  concrete,  effect  of  freezing  and  thawing  on  arglQaceous 
rocks,  relative  effect  of  mortar  and  sand  cushions  for  brick 
pavements,  relation  between  the  tensile  strength  of  mortars  and 
the  mechanical  analysis  of  sand,  the  wear  of  concrete  roads, 
effect  of  character  of  abrogates  and  tune  of  mixing  on  strength 
of  concrete  and  the  distribution  of  pressure  through  earth.  A 
method  of  incorporating  asphalt  with  earth  without  preheating 
the  latter  has  been  developed  and  the  material  is  being  tested 
on  a  section  of  experimental  road.  An  experimental  plant  for 
refining  petroleum  and  tar  products  has  been  constructed  and 
will  be  used  to  determine  what  effect  variations  in  refining  methods 
have  on  the  physical  and  chemical  characteristics  of  oils  and 
taiB. 
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Funds 

The  expenditures  of  the  Office  of  Public  Roads  and  Rural 
Engineering  for  the  year  ending  Jtme  30,  1916,  were  reported 
by  the  Secretary  of  Agriculture  as  follows:  Administration, 
$39,268.64;  road  management  investigations,  $52,352.79;  road 
building  and  maintenance  investigations,  $151,419.95;  road 
material  investigations,  $41,134.63;  field  experiments,  $48,572; 
farm  irrigation  investigations,  $110,822.89;  farm  drainage  inves- 
tigations, $101,079.77;  investigations  in  rural  engineering, 
$13,060.20;  improvement  of  post  roads,  $162,920.71;  total,  $720,- 
631.58. 

Various  liabilities  had  been  incurred,  bringing  the  total  expendi- 
tures and  Uabilities  to  $745,171.80,  within  $37,285.39  of  the  total 
available  funds. 

For  the  current  fiscal  year  there  was  an  unexpended  balance 
of  $34,116.27  for  the  construction  of  improvements  on  rural  post 
routes,  an  appropriation  of  $599,200  by  Congress,  and  Uie  funds 
available  under  the  federal  aid  road  act.  l^ie  house  committee 
on  agriculture  requested  in  December,  1916,  an  appropriation 
of  $702,100  for  the  year  ending  June  30,  1918. 

Personnel 

Director,  Logan  Waller  Page;  chief  engineer,  P.  St.  J.  Wilson; 
chief  of  management,  J.  E.  Pennybacker;  general  inspectors, 
T.  Warren  Allen  and  E.  W.  James;  chief  of  road  materials  tests 
and  research,  Prevost  Hubbard;  chief  of  irrigation,  Samuel 
Fortier;  t$hief  of  draina^,  S.  H.  McCrory;  chief  of  rural  engi- 
neering, E.  B.  McCormick;  district  engineers,  (1)  L.  I.  Hewes, 
(2)  C.  H.  Sweetser,  (3)  J.  A.  Whittaker,  (4)  E.  0.  Hathaway, 
(5)  J.  C.  Wonders,  (6)  J.  D.  Fauntleroy,  (7)  J.  T.  Voshell,  (8) 
J.  T.  Bullen,  (9)  G.  H.  Miller,  (10)  H.  K.  Bishop. 
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LEGISLATION^ 

The  following  notes  are  intended  merely  to  indicate  subjects 
which  should  be  considered  in  laws  relating  to  State  highway 
departments.  No  attempt  has  been  made  to  prepare  a  '^modd 
law''  for  such  a  department.  Other  laws  are  also  needed  in 
order  that  the  construction  and  maintenance  of  roads  not  under 
the  State  highway  department  shall  be  carried  on  economically 
and  efficiently. 

It  is  vitally  important  to  keep  in  mind  the  distinction  between 
these  two  classes  of  laws.  If  it  is  not  done  highway  affairs  will 
become  confused  instead  of  simplified.  For  years  to  come  a  very 
large  proportion  of  the  roads  of  the  country  will  remain  under 
local  control  and  the  public  interest  requires  that  control  to  be 
of  a  high  character.  It  will  prove  helpful  in  any  adjustment  of 
State  road  laws  to  determine  broadly  first,  what  roads  shall  be 
put  under  the  control  of  the  State  highway  department;  second, 
how  these  roads  shall  be  selected;  third,  how  the  responsibility 
for  the  improvement  and  maintenance  of  these  roads  shall  be 
divided  between  the  State  and  its  subdivisions;  and,  fourth,  the 
organization  and  financing  of  the  State  highway  department  to 
discharge  the  duties  assigned  to  it.  When  this  is  done,  the  laws 
relating  to  the  remaining  roads  of  the  State  should  be  reviewed 
to  make  sure  that  the  new  legislation  does  not  effect  harmful 
changes  unintentiomdly. 

The  highway  laws  of  no  two  States  are  alike.  The  law  govern- 
ing the  State  highway  department  of  New  Hampshire  can  be 
printed  in  less  tl^  half  a  column  of  a  newspaper,  while  the  law 
governing  the  highway  department  of  New  York  will  fill  many 
pages  of  such  a  paper.  Each  State  must  decide  for  itself  what 
duties  shall  be  assigned  to  its  highway  department  and  the  detail 
with  which  the  law  shall  prescribe  the  procedure  to  be  followed 
by  the  department  in  the  discharge  of  its  duties.  In  this  con- 
nection it  is  well  to  keep  in  mind  that  if  such  a  department  is  to 
be  held  responsible  for  results  it  should  not  be  hampered  by 
restrictions  upon  the  methods  it  may  adopt  to  obtain  such  results. 

No  attempt  has  been  made  to  discuss  legislation  relating  to 

^  Prepared  under  the  direction  of  R.  Walton  Moore,  Chairman  of  the 
Committee  on  Legislation  of  the  American  Highway  Association. 
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the  use  of  convict  labor  on  road  work.  It  is  debatable  whether 
such  legislation  should  be  taken  up  under  road  laws  or  under 
those  relating  to  the  State  and  county  prison  systems. 

The  Main  Roads  of  a  State 

The  agricultural  and  industrial  activities  in  a  State  lead  to 
much  greater  use  of  some  roads  than  others.  These  main  roads 
must  be  improved  first,  in  accordance  with  a  basic  principle  of 
public  finance,  to  spend  taxes  so  as  to  give  the  greatest  good  to 
the  greatest  number  of  people. 

The  determination  of  the  main  highway  of  a  State  should  be 
entrusted  to  the  State  highway  department,  either  entirely  or 
in  cooperation  with  coimty  authorities.  The  State  highway 
department  can  make  a  study  of  the  travel  on  the  leading  roads 
and  thus  ascertain  definitely  what  service  they  are  rendering  and 
what  results  can  be  accomplished  by  their  improvement.  To  do 
this  work  most  effectively,  the  department  should  be  authorised 
to  call  upon  local  boards  for  help  in  ascertaining  the  travel  on 
roads,  and  on  county,  township  and  city  authorities  for  informa- 
tion concerning  the  roads  and  highway  bridges  under  their  charge. 
Where  such  authority  is  not  given  local  authorities  sometimes 
fail  to  cooperate  with  the  State  department.  The  Ohio  law  on 
this  subject  reads  as  follows: 

The  State  highway  commissioner  or  chief  highway  engineer  may  call 
upon  the  county  highway  superintendent  at  any  time  to  furnish  a  map 
or  maps  of  the  county  showing  distinctly  the  location  of  any  rivers,  rail- 
ro^,  streams,  township  lines,  cities,  villages,  public  highways  and  de- 
posits of  road  material,  together  with  any  other  information  that  may  be 
required  by  said  commissioner  or  engineer The  county  high- 
way supermtendent  shall  have  the  rignt  to  call  upon  the  township  trustees 
or  township  hiehway  superintendents  to  furnish  any  part  of  the  informa- 
tion called  for  Dy  the  preceding  sections,  and  such  officials  when  so  called 
upon  to  furnish  such  information  shall  be  paid  their  usual  per  diem  in  the 
regular  maimer  for  the  time  employed  in  furnishing  the  same. 

The  State  highway  department  should  also  be  authorized  to 
make  all  necessary  surveys  to  secure  such  information,  for  local 
authorities  are  frequently  ujoable  to  furnish  it.  If  the  depart- 
ment restricts  its  inquiry  to  main  roads,  it  is  thereby  relieved 
from  the  consideration  of  roads  of  local  interest  except  as  their 
problems  are  submitted  by  locsd  authorities  for  its  advice. 

The  experience  in  Pennsylvania,  where  the  main  roads  are 
designated  by  law,  indicates  that  a  legislature  will  relieve  itself 
of  needless  trouble  and  the  taxpayers  of  needless  waste  of  money 
by  entrusting  the  selection  of  the  main  roads  to  the  State  highway 
department.    The  Pennsylvania  l^lature   designated   10,200 
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nules  of  its  roads  as  State  highways.  Only  a  small  part  of  this 
mileage  has  been  improved,  and  the  roads  selected  do  not  form 
a  satSfactory  system.  Moreover  the  length  of  the  roads  is  alto- 
gether too  great  for  the  money  available  for  their  improvement. 
The  result  is  stated  by  Chief  Engineer  William  D.  IHiler  of  the 
State  highway  department  as  follows : 

During  1915  the  department  spent  about  $4,500|000  in  maintaining  this 
mileage  and  during  1916  it  will  spend  about  13,000,000,  makinff  a  total  of 
$7,500,000  spent  on  the  roads  in  two  years,  with  nothing  of  any  great 
moment  in  the  way  of  permanent  improvement  to  show  for  it.  Had  it 
been  possible  to  spend  this  $7,500,000  in  permanent  construction,  from  500 
to  600  miles  of  hishwavs  could  have  been  improved  during  1915  and  1916. 
which  added  to  tne  1,880  miles  already  improved,  would  have  fumishea 
a  satisfactory  nucleus  for  the  permanent  highway  system  of  the  State. 

In  Massachusetts  on  the  other  hand,  the  State  highways  are 
designated  by  the  State  highway  oonunission  upon  petition  of 
local  authorities,  city,  town  or  coimty.  As  soon  as  a  highway 
has  been  thus  designated  it  passes  imder  the  complete  jurisdic- 
tion of  the  State  highway  commission,  which  has  control  of  its 
construction  and  maintenance,  the  location  of  poles,  conduits 
and  tracks  on  the  right-of-way,  and  the  planting  and  removal  of 
trees  and  other  vegetation  on  the  roadsides. 

In  Illinois  the  highways  receiving  State  aid  are  selected  by  the 
county  officials,  subject  to  revision  by  the  State  highway  com- 
mission. '"The  highways  to  be  designated  by  the  coimty  boards 
shall  be  as  nearly  as  possible  those  highways  connecting  the 
principal  cities  and  trading  points  in  each  coimty  with  each  other 
and  also  with  the  principal  cities  and  trading  points  in  other 
counties.'' 

In  Ck>imecticut,  the  State  highway  commissioner  has  the  power 
to  lay  out  and  improve  any  trimk  road  in  any  town,  and  to  select 
hi^ways  to  be  improved  by  the  towns  with  State  aid. 

In  Ohio  some  of  the  State  highways  are  designated  by  statute 
and  the  remainder  are  designated  by  the  State  hi^way  com- 
missioner. 

The  general  opinion  of  highway  officials  of  wide  experience  is 
that  the  main  roads  of  a  State  cannot  be  improved  and  main- 
tained satisfactorily  except  under  the  charge  of  a  State  highway 
department.  It  is  undoubtedly  true  that  the  most  direct  way 
of  accomplishing  this  object  is  the  best  way;  all  the  engineering 
work  should  be  done  by  the  department,  all  conla-acts  let  by  it, 
and  all  force  account  work  done  by  its  employes.  But  in  some 
States  this  is  impracticable  on  accoimt  of  a  constitutional  prohibi- 
tion against  the  State  imdertaking  works  of  public  improvement, 
and  in  other  States  public  opinion  has  not  yet  appreciated  fully 
the  economic  advantages  of  complete  State  control  over  what 
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are  essentially  State  roads.  In  such  a  case  it  is  necessary  for 
the  State  highway  department  to  work  through  county  officials 
to  secure  a  system  of  main  roads.  This  is  the  case  in  North 
Carolina,  for  instance,  where  the  highway  law  of  1915  reads  as 
follows: 

Upon  the  written  request  of  the  road  officials  of  any  county  desiring  to 
avail  themselyes  of  the  services  of  the  highway  engineer  on  the  terms  of 
this  act,  for  advice  in  regard  to  the  improvement  of  any  bridge,  road,  roads 
or  section  thereof,  the  OState)  highway  engineer  shall  survey  or  have  sur- 
veyed such  bridge,  road,  roads  or  sections  of  roads,  and  shall  prepare  or 
have  prepared,  such  maps,  profiles,  plans  and  specifications  as  are  neces- 
sary in  his  judgment  to  determine  the  cost  of  tne  proper  improvement  of 
such  bridge,  road,  roads  or  sections  of  road;  and  these,  together  with  the 
estimated  cost,  shall  be  presented  to  the  board  of  county  commissioners 
or  other  officials  in  authority,  who  made  the  request  for  such  informa- 
tion, at  their  next  regular  meeting  held  after  the  completion  of  such  sur- 
veys and  estimates.  If  such  bridge,  road,  roads  or  section  of  road  shall 
thereafter  be  built  by  the  county  officials,  it  shall  be  constructed  accord- 
ing to  the  plans  and  specifications  as  furnished  by  the  highway  engineer. 
In  the  event  that  the  construction  work  on  any  such  bridge,  road,  roads 
or  section  of  road  is  not  started  within  twelve  months  after  the  highway 
engineer  makes  his  report  to  the  county  officials,  the  county  officials  shall, 
and  are  hereby  directed  to,  reimburse  the  State  highway  commission  for 
the  expense  incurred  by  its  office  in  obtaining  the  information  furnished 
the  county  officials,  ^ould,  however,  the  construction  be  taken  up  at 
a  later  date,  the  highway  engineer,  when  he  takes  char^  of  the  actual 
construction,  shall  return  saia  amount  to  the  county  officials.  The  high- 
way engineer,  or  his  duly  authorized  assistants,  shall  have  entire  charge 
of  the  location,  construction  and  maintenance  of  all  roads,  bridges,  etc., 
constructed  under  this  section.  The  State  highway  engineer  shall  keep 
an  accurate  record  of  all  costs  and  expenditures  of  his  office.  He  shall 
supply  technical  information  regarding  roads  to  any  citizen  or  officer  in 
the  State,  and  shall,  from  time  to  time,  publish  for  public  use  such  infor- 
mation as  will  be  generally  useful  for  road  improvements.  Such  publica- 
tions and  his  biennial  report^  to  the  legislature  shall  be  printed  at  the 
expense  of  the  State,  as  other  public  documents. 

No  haphazard,  disjointed  method  of  improving  main  roads, 
without  a  definite  plan  by  which  the  work  of  today  will  eventually 
become  a  part  of  a  complete  system  of  intercounty  highways,  will 
prove  satisfactory.  Secretary  Houston  of  the  United  States 
Department  of  Agriculture  laid  stress  on  one  important  aspect 
of  this  in  the  folloMong  statement  in  the  Review  of  Reviews  for 
September,  1916: 

In  accepting  the  terms  of  the  [federal  aid  road]  act  the  State,  as  a  matter 
of  course,  pledges  its  faith  to  the  five-year  program.  This  is  important 
because  it  makes  possible  the  arrangement  of  a  comprehensive  scheme  of 
road  building.    Ooviously  the  exi>enditure  of  the  entire  amount  of  money 

^  An  officer  of  a  commission  should  preferably  report  to  the  commissioD 
rather  than  to  the  legislature. 
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contemplated  by  the  act  should  be  planned  at  the  outset  as  far  as  possible 
and  road  systems  and  projects  conceived  accordingly.  This  ooes  not 
bind  the  State  legislature  to  make  an  appropriation  at  the  first  session 
for  the  five-year  period.  This  would  be  prevented  by  the  constitutions 
of  manv  States;  but  it  does  involve  a  pledge  of  the  State's  faith  to  con- 
tinue the  appropriations  according  to  the  terms  of  the  act. 

Where  main  roads  are  built  by  the  State  highway  department 
the  latter  must  be  given  authority  to  acquire  necessary  rights- 
of-way  by  purchase  or  condemnation  proceedings  and  to  abandon 
old  rights-of-way.  Where  State  fimds  are  contributed  to  work 
done  by  local  officials,  the  State  department  should  be  authorized 
to  withhold  State  aid  until  the  local  authorities  have  provided 
satisfactory  rights-of-way. 

Organization  and  Duties  of  State  Highway  Departments 

In  some  States  the  department  is  managed  by  a  single  com- 
missioner and  in  others  by  a  board  of  commissioners.  The  ad- 
vantage of  concentrating  authority  in  a  single  commissioner  is 
that  a  good  administrator  can  accomplish  more  than  a  mediocre 
board;  and  it  may  not  be  so  difficult  to  obtain  a  good  adminis- 
trator as  it  is  to  obtain  a  harmonious,  energetic  and  capable  board. 
On  the  other  hand,  a  board  composed  in  part  of  State  officials  and 
in  part  of  civilians,  including  professors  of  engineering  in  State 
colleges,  is  perhaps  more  likely  to  be  free  from  individual  prech- 
lection,  in  closer  touch  with  public  opinion  in  different  parts  of 
the  State,  and  apt  to  take  a  broad  view  of  problems  because 
relieved  of  direct  responsibility  for  details,  ibccellent  work  is 
being  done  under  both  systems  of  administration.  The  law  should, 
of  course,  state  the  terms  of  office  of  the  commissioners  and  the 
method  of  their  appointment. 

The  following  States  have  highway  conmiissions  of  several 
members  or  some  equivalent  body;  Alabama,  Arizona,  Arkansas, 
California,  Colorado,  Florida,  Idaho,  Illinois,  Iowa,  Louisiana, 
Maine,  Maryland,  Massachusetts,  Minnesota,  Mississippi,  Mon- 
tana, New  Jersey,  New  Mexico,  North  Carolina,  North  Dakota, 
Oregon,  Rhode  Island,  South  Dakota,  Tennessee,  Utah,  Virginia, 
West  Virginia  and  Wisconsin.  In  many  of  these  States,  as  Louisi- 
ana, New  Jersey  and  Virginia,  the  duties  of  the  commission  are 
little  more  than  advisory,  and  the  State  highway  commissioner 
has  practically  complete  control  of  the  State  road  affairs. 

In  a  niunber  of  States  the  highway  commission  consists  of  three 
or  more  State  officials.  In  other  States,  the  board  consists  of  a 
few  State  officials  acting  with  professors  of  engineering  in  State 
schools  and  occasionally  with  two  or  three  private  citizens  ap- 
pointed by  the  governor.    In  other  States,  all  the  commissioners 
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are  private  citizens.  In  numy  States  the  commissioners  draw 
no  pay,  but  are  allowed  their  actual  expenses,  but  in  other  cases 
they  are  paid.  The  North  Carolina  highway  law  of  1915  con- 
tains the  following  clause  typical  of  recent  legislation: 

The  State  highway  commisBion  shall  consist  of  the  goyemor,  three  citi- 
xena  of  the  State  of  North  Carolina  to  be  appointed  by  the  governor,  one 
from  the  eastern,  one  from  the  central,  and  one  from  the  western  portion 
of  the  State,  one  of  whom  shall  be  a  member  of  the  minority  political  ^arty, 
the  State  geologist,  a  professor  of  ciyil  engineering  of  the  Uniyersity  of 
North  Carolina  and  a  professor  of  the  North  Carolina  Agricultural  and 
Mechanical  College,  said  professors  to  be  desi^ated  by  the  governor. 
The  members  of  the  commission  shall  be  appointed  and  serye  for  four 
years,  and  until  their  successors  are  appointed;  the  members  of  the  com- 
mission shall,  when  employed  in  any  manner  required  of  them  under  this 
act,  receive  their  actual  expenses.  The  eoyemor  shall  fill  all  vacancies 
in  the  commission  caused  by  death  or  otherwise,  and  he  shall  have  the 
power  to  remoye  any  member  for  due  cause. 

The  following  States  have  a  single  highway  commissioner: 
Connecticut,  Kentucky,  Michigan,  Missouri,  New  Hampshire, 
New  York,  Ohio,  OkliJioma,  Pennsylvania,  Vermont  and  Wash- 
ington. 

Whether  a  commission  of  several  members  or  a  single  commis- 
sioner is  placed  in  charge  of  the  State  highway  department,  the 
duties  to  be  performed  should  be  stated  comprehensively  and 
clearly  in  the  law.  The  Ohio  statute,  for  example,  reads  as 
follows: 

The  State  highway  commissioner  shall  haye  general  superyision  of  the 
construction,  improvement,  maintenance  and  repair  of  all  inter-county 
highways  and  main  market  roads,  and  the  bridges  and  culverts  thereon. 
He  shall  aid  the  county  commissioners  in  estabushing,  creating  and  pre- 
paring suitable  systems  of  drainage  for  highways,  and  adyise  with  them  as 
to  the  construction,  unprovement,  maintenance  and  repair  of  highways: 
and  he  shall  approve  the  design,  construction,  maintenance  and  repair  of 
all  bridges,  including  superstructure  and  substructure,  and  culverts  or 
other  improvements  on  inter-county  or  main  market  roads;  and  in  the  case 
of  bridges  and  culverts  on  other  roads,  when  the  estimated  cost  thereof 
exceeds  910,000,  the  plans  therefor  shall  be  submitted  to  and  approyed  by 
him,  before  contracts  are  let  therefor.  He  shall  cause  plans,  specifications 
and  estimates  to  be  prepared  for  the  construction,  maintenance  or  repair 
of  bridges  and  culyerts  when  so  requested  by  the  authorities  having  charge 
thereof,  and  he  shall  cause  to  be  made  surveys,  plats,  profiles,  specifica- 
tions and  estimates  for  improyements  whether  upon  State,  county  or 
township  roads.  He  shall  make  inquiry  in  regard  to  systems  of  road  and 
bridge  construction  and  maintenance  whenever  he  may  deem  it  advisable, 
and  conduct  inycfitigations  and  experiments  with  relerence  thereto,  and 
make  all  examinations,  in  his  opinion,  advisable,  as  to  materials  for  road 
construction  or  improvement. 

The  statutory  duties  of  a  State  highway  department  vary 
widely  in  the  different  States,  but  may  be  sununarized  as  follows: 
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Miscellaneous  Duties 

a.  Lease  offices. 

6.  Purchase  furniture  and  office  and  engineering  supplies. 
e.  Engage  assistants,  employ  skilled  and  unskilled  labor,  and  utilise 
conyicts  and  prisoners. 

d.  Maintain  facilities  for  testing  materials  used  in  road  and  bridge 
construction,  and  investigate  sources  and  properties  of  such  materials. 

e.  Issue  permits  for  occupation  of  State  and  State-aid  roads  by  tracks, 
pole  lines,  conduits  and  other  structures. 

f.  Collect  automobile  fees  and  issue  regulations  governing  the  use  of 
vehicles  on  public  roads. 

g.  Issue  regulations  for  use  of  State  and  State-aid  roads  by  traction 
engines,  motor  omnibuses  and  trucks. 

A.  Institute  suitable  legal  proceedings  to  stop  violations  of  the  highway 
and  bridge  statutes. 

t.  Conduct  investigations  and  collect  statistics  of  traffic.^ 

J.  Keep  detailed  records  of  the  receipt  and  expenditure  of  all  State 
road  and  highway  bridge  funds. 

k.  Give  names  to  through  routes  and  mark  them  or  permit  them  to  be 
marked  by^  colors  and  signs. 

{.  Acquire  toll  roads,  oridges  and  ferries. 

Educational  Duties 

o.  Collect  information  relating  to  roads  and  highway  bridges  in  the 
State. 

6.  Investigate  the  suitability  of  different  types  of  road  and  bridge 
construction  for  use  in  the  State. 

c.  Hold  public  meetings  to  explain  the  desirability  of  road  and  bridge 
improvements. 

d.  Hold  meetings  with  county  and  township  road  officials  to  discuss 
the  improvement  and  maintenance  of  roads  and  bridges. 

e.  Pqjblis^  flduiual  reports  of  department's  work  ana  bulletins  on  sub- 
jects relating  to  the  construction  and  maintenance  of  roads  and  bridges. 

/.  Notify  local  officials  of  road  and  bridge  work  which  is  being  done  in 
a  wasteful  manner,  and  if  the  wasteful  methods  are  continued  report  them 
to  tibe  governor. 

g.  Prepare  standard  plans  and  specifications  for  roads  and  bridges. 

State  Road  Dutisb 

a.  Determine  the  main  roads  of  the  State  and  prepare  maps  of  them. 
b   Desisnate  the  order  in  which  main  roads  shall  be  improved  with 
State  f  unoB. 

e.  Acquire  rights-of-way  by  contract  or  condemnation  proceedings. 

d.  Prepare  plans  and  specifications  for  roads  and  bridges  built  by  the 
State  ana  supervise  their  construction. 

e.  Make  contracts  for  State  road  and  bridge  improvements  and  mainte- 
nance. 

/.  Carnr  on  construction  and  maintenance  of  State  roads  and  bridges 
with  day  labor,  both  free  and  convict. 

g,  Buj  or  hire  machinery,  tools,  materials,  teams  and  supplies  needed 
in  carrying  on  the  work  of  the  department. 

^  Legislation  is  contemplated  in  some  States  forbidding  the  construction 
of  gravel  roads  when  the  traffic  exceeds  certain  limits. 
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CodPBBATivB  Dunas 

a.  Prepare  or  aid  in  preparing  plans  for  road  and  bridge  improvements 
by  local  officials. 

b.  Supervise  or  assist  in  supervising  construction  and  maintenance  of 
roads  under  local  officials. 

c.  Apportion  among  the  counties  or  other  subdivisions  State  funds  for 
cooperative  road  and  bridge  work. 

a.  Act  with  local  authorities  in  designating  road  and  bridge  work  on 
which  State  funds  shall  be  spent. 

e.  Approve  contracts  for  road  and  bridge  work  made  by  local  officials. 

/.  Hold  competitive  examinations  for  positions  of  countv  highwav 
superintendents  or  engineers  to  furnish  liste  of  capable  men  from  which 
counties  must  select  such  officials. 

g.  Approve  plans  for  road  and  bridge  improvements  submitted  by  local 
officials. 

h.  Determine  when  State-aid  roads  are  improperly  maintained,  in  case 
the  law  prohibits  further  State  aid  to  counties  where  State-aid  roads  are 
not  kept  in  satisfactory  condition  by  the  counties. 

t.  Inspect  annuallv  all  bridges  exceeding  30  feet  in  length  and  advise 
local  authorities  of  their  condition. 

j.  Prepare  and  distribute  directions  and  forms  for  accounting  for  local 
road  funds  and  recording  all  official  actions  of  local  road  authonties 

How  many  of  these  duties  shall  be  assigned  to  the  highway 
department  of  any  State  will  depend  upon  the  extent  to  which 
the  legislature  desires  the  department  to  devote  itself  to  educa- 
tional work;  the  construction  of  roads  and  bridges  by  State  fimds 
solely,  or  the  assistance  of  local  authorities  in  their  work  of  this 
nature. 

Engineering  Work 

No  State  highway  department  can  be  of  more  than  nominal 
service  without  a  capable  engineering  bureau.  This  is  as  true 
where  the  actual  construction  of  roads  is  carried  on  by  counties 
and  townships  as  where  construction  is  also  carried  on  by  Uie 
State  itself.  The  duties  of  the  engineering  bureau  will  depend 
very  largely  upon  the  entire  body  of  State  road  laws,  however, 
and  the  statutory  provisions  governing  this  branch  of  State  high- 
way departments  vary  widely. 

In  some  States,  the  duties  and  subdivisions  of  the  bureau  are 
defined  very  elaborately,  as  in  Ohio,  whereas  in  Illinois  the  law 
merely  provides  for  a  chief  State  highway  engineer  and  an  assist- 
ant State  highway  engineer  ''who  shall  be  the  administrative 
and  technical  agents"  of  the  State  highway  commission,  subject 
to  its  orders,  and  also  directed  to  give  advice  to  county,  town- 
ship and  road  district  officials  on  road  and  bridge  subjects.  The 
other  members  of  the  engineering  bureau  are  provided  for  in  a 
clause  authorizing  the  commission  to  employ  such  assistants  as 
are  needed  to  carry  on  its  work.  The  Iowa  law  does  not  even 
mention  an  engineering  bureau,  but  merely  defines  one  of  the 
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commijssion's  duties  to  be  ''to  appoint  such  assistants  as  are 
necessary  to  carry  on  the  work  of  the  commission,  define  the 
duties  and  fix  the  compensation  of  each,  and  terminate  at  wUI 
the  terms  of  employment  of  all  employes,  provide  for  necessary 
bonds  and  fix  the  amotmt  of  same.''  The  commission  has  made 
the  following  statement  regarding  its  policy  under  this  law: 

The  three  commissioners,  acting  in  the  nature  of  a  board  of  directors, 
have  organised  a  competent,  efficient  force  of  engineers,  who  are  carrying 
out  the  policies  of  the  commission  and  doing  the  detail  work  imposed 
upon  it  oy  law.  All  assistants  and  employes  hold  office  in  accordance 
with  the  provisions  of  certain  rules  adopted  by  the  commission.  The 
oommission  also  determines  which  of  its  assistants  shall  give  bonds  and 
fixes  the  amount  of  such  bonds.  By  a  resolution  of  the  commission,  the 
principles  of  civil  service  are  applied  in  the  emplo3nnent  of  the  working 
lorce,  to  the  end  that  the  most  competent  help  may  be  obtained  and  the 
greatest  efficiency  thereby  secured. 

As  a  general  rule,  a  department  works  best  when  it  has  author- 
ity to  organize  its  staff  as  it  deems  best  suited  to  the  work,  but 
there  should  be  no  question  about  the  importance  attributed  by 
the  legislature  to  efficient  engineering.  For  this  reason,  where 
one  of  the  commissioners,  in  case  of  a  board,  or  the  commissioner 
himself^  where  the  department  is  headed  by  an  individual,  is  not 
required  by  law  to  be  an  engiaeer,  the  foUowing  clause  in  sub- 
stance is  desirable  in  the  law  governing  a  State  highway  depart- 
ment: 

The  State  highway  commission  shall  appoint  a  State  highway  engineer, 
who  shall  be  a  competent  civil  engineer,  experienced  and  skilled  in  high- 
way construction.  He  may  appoint,  subject  to  the  approval  of  the  com- 
mission, such  technical  assistants  as  may  be  necessary  for  the  proper 
conduct  of  the  engineering  work  of  the  commission. 

In  many  States,  the  actual  purpose  of  the  State  highway  de- 
partment is  essentially  regulatory  and  advisory.  It  is  intended 
by  the  legislature  to  be  a  preventive  of  inefficiency  on  the  part 
of  local  Ughway  authorities,  and  this  purpose  is  accomplished 
by  two  general  classes  of  statutory  requirements,  the  first  govern- 
ing the  dass  of  men  placed  in  charge  of  road  work  by  local 
authorities  and  the  second  requiring  the  submission  of  plans  by 
the  local  authorities  to  the  State  Department  or  to  a  competent 
engineer  for  approval  before  work  can  be  undertaken.  The 
following  clauses  (from  the  Illinois  highway  laws)  relating  to  local 
road  work  illustrate  this  tendency  of  recent  legislation: 

In  each  and  every  county  of  the  State  there  shall  be  a  county  superin- 
tendent of  highways  to  be  appointed  in  the  manner  following: 

Witiiin  ninety  davs  after  this  act  shall  become  effective,  the  county  board 
of  each  county  shall  submit  to  the  State  highway  oonmiission  a  list  of  from 
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three  to  five  persons,  residents  of  the  county,  considered  desirable  candi« 
dates  for  the  office  of  county  superintendent  of  highways.  The  State 
commission  shall  thereupon  detennine  by  competitive  examination  from 
among  the  names  submitted  the  person  or  persons  best  fitted  for  said 
office,  and  shall  thereupon  certify  the  same  to  the  county  board  sub- 
mitting such  list,  who  shall  then  make  an  order  appointing  from  the.num* 
ber  foimd  eligible  one  such  person  superintendent  of  highways  for  such 
county.  Provided,  however,  that  if  on  the  list  submitted  there  is  found 
no  person  qualified  for  the  position  the  county  board  shall  in  like  manner 
submit  a  further  list,  and  if  on  this  second  list  no  one  is  found  qualified 
the  county  board  may^  employ  some  person  other  than  a  resident  of  the 
county  and  who  has  passed  satisfactorily  the  examination  presented  by 
the  State  Mghway  commission. 

No  part  <H  any  moneys  appropriated  by  the  State  for  the  building  and 
maintiuning  of  State-aia  roads  shall  be  apportioned  to  any  county  until 
such  countv  superintendent  of  hishwavs  shall  have  been  appointed. 

The  highway  commissioners  of  each  town  or  road  distnct  shall  have 
power  ana  it  shall  be  their  duty  .  .  .  .  to  direct  the  construction 
and  repair  of  roads  and  bridges  within  the  town  or  district,  to  let  con- 
tracts, employ  labor  and  purchase  materials^  and  machinery  therefor, 
subject  to  the  limitations  herein  provided:  Provided,  however,  that  no  eon- 
tract  shall  be  let  for  the  construction  or  repair  of  any  road  or  bridge  or 
part  thereof  in  excess  of  the  amount  of  $200.00,  nor  shall  any  machinery  or 
other  appliances  to  be  used  in  road  construction  in  excess  of  such  amount 
be  purchased  without  the  approval  of  the  county  superintendent  of  high- 
ways. 

Whenever  it  shall  be  voted  to  construct  gravel,  rock  macadam  or  other 
hard  roads,  or  to  improve  dirt  or  earth  roads  and  to  oil-treat  the  same, 
or  to  oil-treat  the  roads  in  any  township  or  district,  it  shall  be  the  duty 
of  the  county  superintendent  of  highways  of  the  coimty  in  which  said 
township  so  voting  is  located  to  at  once  survey  (or  cause  to  be  surveyed) 
the  route  of  the  road  thus  to  be  improved  and  to  prepare  suitable  maps, 
plans,  specifications  and  estimates  of  the  cost  of  the  proposed  improve- 
ment. 

Upon  the  completion  of  the  contract  the  commissioners  and  the  county 
superintendent  of  highways  shall  make  a  thorough  and  complete  exami- 
nation and  estimate  of  said  work,  and,  if  found  in  accordance  with  the 
specifications  of  the  contract,  the  commissioners,  upon  the  certificate  of 
the  county  superintendent  of  highways,  shall  issue  his  order  on  the  treas- 
urer for  the  full  amount  due  the  contractor. 

The  Illinois  plan  is,  therefore,  to  have  practically  all  the  road 
construction  not  done  under  the  immediate  supervision  of  the 
State  highway  commission,  performed  imder  men  whose  fitness 
it  has  determined  by  competitive  examinations.  The  only  impor- 
tant work  over  which  the  State  commission  or  the  county  superin- 
tendents of  highways  have  no  regulatory  authority  is  the  drag- 
ging of  the  earth  roads,  and  the  opinion  seems  to  be  growing 
that  it  is  desirable  to  direct  the  State  highway  department  to 

*  It  would  perhaps  be  better  to  use  "shall''  instead  of  "may^"  so  as  to 
make  the  provision  mandatory.  The  State  highway  commissioner  of 
Virginia,  G.  P.  Coleman,  is  satisfied  that  county  boards  in  some  States  will 
not  go  outside  their  counties  to  secure  competent  superintendents  unless 
compelled  to  do  so. 
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notify  local  authorities  when  such  local  road  work  is  being  per- 
formed inefficiently. 

Engineering  Co&peraHon  With  Local  Highway  Officials 

There  is  very  little  uniformity  in  legislation  governing  the 
cooperation  of  State  highway  departments  with  local  highway 
officials.  This  is  doubtless  due  to  the  tendency  of  law-makers 
to  add  the  State  highway  department  legislation  to  the  existing 
road  statutes.  Such  statutes  vary  greatly  in  the  different  States 
and  consequently  the  method  of  (£viding  authority  between  State 
and  local  officials  has  varied.  No  wor£a,ble  law  creating  a  State 
highway  department  can  be  drafted  except  with  a  full  knowledge 
of  the  existijag  statutes  governing  every  feature  of  highway  admin- 
istration in  the  State.  With  such  knowledge,  it  is  possible  to 
repeal  and  amend  existing  laws  at  the  same  time  new  laws  are 
made;  without  such  knowledge  there  is  every  probability  of 
unbalanced  and  even  conflicting  laws.  For  this  reason,  a  legis- 
lative conunittee  instructed  to  draft  laws  for  the  organization 
or  reorganization  of  a  State  highway  department  may  also  be 
advantageously  empowered  to  report  on  amendments  to  exist- 
ing laws  relating  to  local  roads.  In  many  States  such  laws  are 
capable  of  great  simplification  and  improvement,  owing  to  their 
being  the  result  of  occasional  legislation  during  a  long  period  of 
time. 

There  are  two  main  classes  of  cooperative  work,  one  in  which 
the  expense  is  shared  by  the  State  and  the  local  authority,  and 
the  other  in  which  the  expense  is  borne  wholly  by  the  local 
authority. 

When  the  expense  is  shared  by  the  State  and  the  local  author- 
ity, it  is  the  tendency  of  recent  legislation  to  require  the  plans, 
specifications  and  estimates  to  be  prepared  by  the  State  hi^way 
department,  which  advertises  for  bids,  lets  the  contract  and  super- 
vises the  construction.  Sometimes  the  law  specifies  part  or  all 
of  the  procedure  in  such  work  and  sometimes  it  leaves  the  State 
highway  department  free  to  act  as  it  deems  best. 

Where  the  intent  is  to  have  the  expense  of  construction  shared 
by  the  State  and  county,  it  is  customary  to  provide  in  the  law 
that  the  county  must  provide  its  share  of  the  money  before  the 
State  appropriation  is  paid.^ 

1  Frank  F.  Rogers,  State  nig;hway  Commissioner  of  Michigan,  advocates 
incorporating  in  the  law  provisions  which  will  insure  the  maintenance  of 
roads  constructed  with  State  aid.  The  Michiji^n  law  provides  for  the 
payment  to  the  counties  by  the  State  for  the  maintenance  of  such  roads  an 
amount  eaual  to  2  ner  cent,  of  the  State  aid  for  construction.  This  small 
payment  aoes  not  lead  to  proper  maintenance  in  all  cases  and  often  it  is 
necessary  to  withhold  State  aid  for  further  construction  in  order  to  obtain 
proper  maintenance. 
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When  the  whole  expense  is  borne  by  the  local  authority,  some 
laws  require  the  State  department  to  make  the  plans,  specifica- 
tions and  estimates  for  main  road  improvements  if  requested  to 
do  so,  but  also  permit  the  local  authorities  to  prepare  these 
plans  and  specifications  if  they  prefer.  In  the  latter  case,  the 
local  authorities  are  sometimes  required  to  have  the  plans  and 
specifications  for  work  costing  more  than  a  specified  amount 
approved  by  the  State  highway  department  or  by  an  engineer 
whose  qualifications  are  satisfactory  to  the  department,  but  gen- 
erally the  law  is  silent  and  the  local  authorities  can  do  as  they 
please.  Inasmuch,  however,  as  the  expenditure  for  local  roads 
IS  often  heavy,  it  is  decidedly  to  the  advantage  of  the  taxpayers 
to  have  all  important  local  work  of  this  sort  subject  to  the  ap- 
proval of  the  State  department*  or  of  an  engineer  approved  by 
the  department,  as  in  Illinois  (see  page  46). 

In  Iowa,  where  the  State  makes  no  financial  contribution 
toward  road  building,  the  statutes  place  numerous  responsibilities 
in  road  building  and  maintenance  upon  coimty  and  township 
officials,  and  the  State  highway  commission  is  authorized  by  the 
following  provision  of  the  law  to  see  that  these  duties  are  properly 
performed. 

The  State  highway  commission  shaU  have  general  supervision  of  the 
various  county  and  township  officers  named  in  this  act  in  the  performance 
of  the  duties  here  enjoined,  and  shall  have  full  power  and  authority  to 
enforce  the  provisions  of  this  act. 

Bach  Iowa  county  is  required  to  have  a  county  engineer,  who 
may  be  removed  for  incompetency  by  the  State  highway  com- 
mission as  well  as  by  the  coimty  supervisors.  The  county  super- 
visors select  a  part  of  the  roads  as  county  roads  and  the  remainder 
are  termed  township  roads.  The  county  road  system  must  have 
the  approval  of  the  State  highway  commission.  The  county 
engineer  plans  the  improvements  on  the  county  road  system,  but 
no  work  can  be  done  until  the  plans  have  been  approved  by  the 
State  highway  commission.  The  approved  plans  must  be  recorded 
"at  length  in  a  county  road  book,"  by  the  county  auditor.  The 
township  roads  are  under  the  township  trustees,  who  are  required 
to  perform  numerous  duties  in  connection  with  such  roads,  and 
to  carry  out  permanent  improvements  only  under  the  plans  and 

^  "Emphasis  should  be  given  to  the  importance  of  legislation  requiring 
counties  to  have  specifications  for  road  machinery,  culverts  and  bridges 
approved  by  the  State  highway  departments  before  purchases  are  made. 
Manv  Southern  counties  have  wasted  thousands  of  dollars  by  the  ignorant 
purchases  of  such,  and  while  it  might  not  be  wise  to  make  tne  State  high* 
way  department  purchasing  agents  for  the  counties,  the  adoption  of  intel- 
ligently approved  specifications  would  not  be  an  invasion  of  county  rights.'  * 
W.  8.  Keller,  Alabama  State  Highway  Engineer. 
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supervision  of  the  county  engineer,  whose  services  for  such  work 
must  be  supplied  without  charge  to  the  township  oflScials  by  the 
county. 

A  weak  feature  of  the  road  laws  of  many  States  is  the  indefinite 
manner  in  which  responsibility  for  bridges  and  culverts  is  stated. 
A  considerable  proportion  of  the  highway  bridges  of  the  country 
are  unsafe.  It  is  therefore  reconmiended  that  any  new  legisla- 
tion relating  to  a  State  highway  department  shall  contain  the 
following  or  equivalent  provisions: 

All  bridges  on  roads  built  or  maintained  with  the  aid  of  State  funds 
8ha]l  be  inspected  annually  by  the  State  highway  department.  If  any 
such  bridse  is  found  at  any  time  to  be  unsafe,  the  State  highway  depart- 
ment shaU  either  close  the  bridge  to  travel  and  post  notices  instructing 
travelers  how  to  make  a  detour  aroimd  the  bridge,  or  it  shall  post  notices 
warning  travelers  of  the  dangerous  condition  of  the  bridge  and  requiring 
them  to  exercise  due  caution  in  crossing  it.  If  any  such  bridge  is  found 
to  be  in  a  dangerous  condition^  the  State  highway  department  shall  at 
once  notify  the  countv,  township  or  district  owning  it  and  prepare  plans 
for  the  restoration  of  tne  bridge  to  a  safe  condition  and  proceea  to  have  the 
work  done  by  contract  or  day  labor  as  the  department  shall  consider  best. 
The  cost  of  this  work  shall  be  deducted  from  the  State  funds  allotted  to  the 
county,  townshipor  district,  owning  the  bridge^  incase  the  said  county,  town- 
ship or  district  will  not  at  once  assume  responsibility  for  the  charges.  In  case 
the  allotment  of  State  roads  funds  to  the  said  county,  township  or  dis- 
trict is  inadequate  to  pay  the  entire  cost  of  such  work,  the  balance  shall 
be  met  by  the  treasurer  of  said  county,  township  or  district  from  any 
uxiappropriated  funds  in  his  possession  or  by  issimg  warrants  to  be  paid 
in  full  from  the  proceeds  of  the  next  tax  levy. 

All  bridm  of  more  than  20  feet  span  on  roads  not  built  or  maintained 
with  the  aid  of  State  funds  shall  be  inspected  annually  by  the  State  high- 
way department.  If  any  brid^  is  found  to  be  unsafe^  the  department 
diall  at  once  post  notices  wammg  travelers  of  the  condition  of  tne  bridge 
and  if  the  condition  of  the  bridge  makes  its  use  hazardous  to  travelers  the 
department  shall  immediately  take  the  necessary  steps  to  prevent  any 
use  of  it  until  the  department  has  ascertained  by  inspection  that  the 
bridge  has  been  made  reasonably  safe.  As  soon  as  the  State  highway 
deptftment  determines  that  a  bridge  is  unsafe  it  shall  immediately  notify 
in  writing  the  county,  township  or  district  owning  the  bridge  of  this  fact 
and  also  state  the  leeal  responsibilities  of  the  county,  township  or  dis- 
trict to  maintain  the  oridge  in  a  safe  condition. 

The  State  hifshway  department  shall  report  any  failure  of  counties, 
townships  and  districts  to  maintain  their  bridges  in  a  safe  condition  to  the 
attorney  (general,  who  shall  take  such  steps  as  he  deems  advisable  to  have 
the  counties,  townships  and  districts  make  such  bridges  safe  for  reasonable 
use. 

A  State  highway  department  can  render  great  help  to  local 
authorities  by  preparing  plans,  specifications  and  estimates  for 
roads  and  bridges.  On  the  other  hand|  the  amount  of  such  engi- 
neering service  which  wUl  be  demanded  in  a  State  where  high- 
way improvements  are  actively  conducted  will  be  altogether 
beyond  the  resources  of  any  State  department.    Consequently  it 
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18  advisable  to  make  the  local  authorities  pay  for  such  services, 
as  is.  done  in  North  Carolina  (page  40),  or  restrict  the  services 
to  '' giving  advice  on  roads  and  bridges/'  or  to  the  preparation 
of  standard  plans  for  bridges  and  culverts,  or  to  some  combina- 
tion of  these  duties.  If  the  State  highway  department  itself 
carries  on  construction  work,  its  engineering  bureau  will  be  busy 
with  many  technical  and  executive  affairSi  and  shotdd  not  be 
required  to  spend  much  time  in  codperative  work  unless  ade- 
quate financi^d  provision  is  made  for  a  staff  large  enough  to  per- 
form such  duties. 

Co&peration  With  National  and  State  Road  Officials 

Under  the  terms  of  the  federal  aid  road  law  of  1916|  the  United 
States  Department  of  Agriculture  is  authorized  to  co5perate  with 
the  State  highway  departments  in  road-building.  It  is  desirable 
that  the  State  laws  designate  in  turn  the  State  highway  depart- 
ment as  the  representative  of  the  State  in  such  matters.  The 
1915  Oklahoma  highway  laws  contain  the  following  clause  on  this 
subject,  under  the  section  defining  the  duties  of  the  commissioner 
of  highways: 

Fifth:  To  co5perate  with  the  federal  flM)vemjn6nt  in  all  matters  pck*- 
taining  to  the  improvement  of  public  highways;  and  all  funds  provided 
by  confess  and  appropriated  for  Uie  improvement  of  the  public  hijshwajrs 
in  this  State  shall  be  expended  under  the  supervision  of  the  commiBsioner 
of  highways. 

Codperative  investigations  and  plans  by  the  4ughway  depart- 
ments of  different  States  are  becoming  of  marked  importance, 
and  the  highway  law  of  any  State  should  authorise  such  codper- 
ation,  as  well  as  joint  work  with  the  federal  department. 

Educational  Work 

In  many  States,  it  has  been  considered  desirable  to  have  the 
State  highway  department  devote  a  part  of  its  efforts  to  educa- 
tional purposes,  both  to  aid  the  public  in  appreciating  the  impor- 
tance of  good  road  administration  and  to  train  the  local  road 
officials  in  the  best  methods  of  conducting  their  work.  In  some 
laws,  the  departments  are  directed  to  hold  annually  a  specified 
number  of  public  meetings  for  explaining  road  affairs  to  tax- 
payers, and  to  issue  bulletins  on  road  subjects  for  general  dis- 
tribution. In  other  laws,  this  educational  work  is  provided  for 
under  a  general  clause  instructing  the  department  to  ^'aid  at  ail 
times  in  promoting  highway  improvement  throi^out  the  State." 

Recently  the  educational  work  of  a  State  department  among 
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looal  highway  oflEu^ials  has  been  provided  for  by  explicit  clauses 
in  ecnne  road  laws.  In  West  Virginia,  the  department  gives 
annually  a  special  course  of  instruction  in  highway  engineering 
and  the  law  requires  all  county  road  engineers  to  attend  this 
course  for  at  least  ten  dajns  each  year.  In  the  1915  North  Caro- 
lina road  law,  this  educational  work  is  provided  for  in  the  fol- 
lowing words: 

The  State  hij^way  oommission  shall,  upon  written  request  of  the 
oonnW  commissionen  of  any  county,  call  an  open  meetine  to  be  held  at 
the  omce  of  the  county  commiBBionen  within  such  county  for  the  purpose 
of  affording  instruction  relative  to  mattors  pertaining  to  road  ana  bridge 
construotiony  maintenance  and  repair.  Such  meeting  shall  be  conducted 
by  the  State  hidliway  engineer  or  one  of  his  assistants  designated  for  the 
purpose  by  the  State  hishway  engineer.  Upon  receipt  of  the  notice  of  the 
date  of  such  meeting  from  the  State  highway  commission  the  county 
oommiflsioners  shall  imL  such  meeting  on  the  date  set  by  the  Stote  highway 
commission,  and  shall  be  present  themselves  and  notify  the  county  engi- 
neer the  commissioners  of  each  townshipi  and  the  superintendent  of  each 
road  district  within  the  county  to  be  present  at  such  meeting  in  person. 
Bach  of  the  county,  township  and  road  district  officials  above  mentioned 
shall  heptdd  the  regular  per  diem  allowance,  in  the  usual  manner,  for  the 
aotnal  tone  in  attendance  at  such  meetings. 

Tlie  same  end  has  been  reached  in  otiier  States  by  requiringthe 
State  hii^way  engineer  to  hold  at  least  one  meeting  annually  in 
each  county  to  discuss  local  road  affairs,  which  the  local  road 
officials  must  attoid,  being  paid  their  usual  per  diem  for  such 
attaidance. 

Aeoounting  far  Road  Funds  and  Recording  Official  Actions 

One  of  the  most  unsatisfactory  features  of  local  road  adminis- 
tration today  is  the  ordinarily  defective  methods  of  accounting 
for  local  road  funds,  lliere  is  no  legal  authority  given  to  State 
highway  departments  to  require  the  management  of  local  funds, 
over  whidb  the  depiyrtments  have  no  control,^  to  be  accounted  for 
in  any  manner.  On  the  other  hand,  part  of  the  waste  of  local 
road  funds  is  probably  due  to  defective  book-keeping  in  connec- 
tion with  their  collection  and  payment.  Complsonte  of  the 
troubles  thus  caused  are  made  by  township,  county  and  State 
road  officials  aUke.^  The  remedy  that  seems  at  present  most 
ISkdy  to  prove  effective  without  causing  friction  is  to  direct  the 


>  "Too  much  emphasis  cannot  be  laid  on  the  imi>ortance  of  reauiring  the 
counties  or  local  road  units  to  keep  suitable  cost  records.  The  determina- 
tion of  the  type  of  road  to  be  built  in  an^  locality  is  often  dependent  upon 
tiia  knowledge  of  the  cost  of  construction  and  maintenance  of  a  similar 
type  in  another  location."  Frank  F.  Rogers,  State  Highway  Commis- 
sioner of  Michigan. 


52  AMBBICAN  HIGHWAY  ASSOCIATION 

State  highway  department  to  prepare  and  distribute  to  local 
authorities  directions  and  blanks  for  recording  such  financia] 
transactions.  The  Illinois  highway  law  meets  this  need  with 
the  following  clause  among  those  relating  to  the  duties  of  the 
State  highway  commission: 

Prescribe  a  system  of  auditing  and  accounting  for  all  road  and  bridge 
moneys  for  the  use  of  all  highway  officials,  which  system  shall  be  as  nearly 
uniform  as  practically  possible. 

The  methods  of  recording  official  acts  and  of  keeping  minutes 
of  meetings  is  often  defective  among  local  road  officials,  and  it  is 
desirable  to  have  such  records  kept  properly.  On  this  account, 
the  State  highway  department  should  be  specifically  authorized 
to  extend  aid  in  such  work.  This  subject,  as  well  as  good  account- 
ing, can  be  provided  for  by  some  such  clause  as  the  following, 
among  the  clauses  describing  the  duties  of  the  State  highway 
department. 

Preptkre  and  distribute  to  local  authorities  forms  for  accounting  for 
the  receipt  and  disbursement  of  road  and  bridge  funds  and  for  recording 
official  actions  relating  to  road  and  bridge  work. 

Road  Building  Materials 

The  utilization  of  local  road  building  materials  to  the  fullest 
extent  which  is  economically  advisable  is  of  course  desirable. 
This  can  only  be  done  when  the  location  and  character  of  such 
materials  is  known,  and  such  information  is  far  from  complete  in 
many  States.  For  this  reason,  it  is  well  to  give  the  State  High- 
way Department  definite  authority  to  make  such  investigations 
and  to  call  on  public  officials,  such  as  State  geological  and  agri- 
cultural specialists,  for  assistance  in  obtaining  information.  The 
highway  law  of  Arkansas  has  the  following  provision: 

The  consulting  engineer  and  the  State  geologist  shall  make  such  investi- 
gations and  reports  as  the  State  hiehway  commission  may  from  time  to 
time  require.  They  shall  be  specially  chargjed  with  the  study  of  the  road 
materials  of  the  State,  their  location,  relative  value,  cost  and  durability 
and  the  cost  of  transporting  the  same  to  other  parts  of  the  State. 

As  investigations  of  sources  of  road  materials  must  be  supple- 
mented by  examinations  of  their  quality,  the  State  highway 
department  should  be  authorized  to  establish  a  testing  bureau 
of  its  own  or  to  use  testing  facilities  already  belonging  to  some 
other  State  organization.  The  Ohio  law  not  only  authorizes  the 
State  highway  coromissioner  to  establish  his  own  apparatus  for 
testing  materials  but  it  also  contains  the  following  provision: 
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The  apparatus  and  supplies  of  the  college  of  agriculture  and  engineer- 
ing of  the  Ohio  State  University  may  be  used  by  the  State  highwa^jr  com- 
missioner or  anv  of  his  employes  in  making  investigations  concermng  the 
chemical  and  ph3n9ical  character  of  road  and  bridge  materials.  The  col- 
lege of  agriculture  and  enj^ineering  of  the  Ohio  State  University,  when 
called  upon  by  the  State  hi{;hway  commissioner,  shall  make  investigation 
and  conduct  experiments  with  reference  to  road  buildine  materials  or  for 
the  purpose  of  determining  any  matters  connected  wiui  road  or  bridge 
construction. 


Financial  Prooisicns  far  a  State  Highway  Department 

The  highway  departments  of  a  number  of  States  have  been 
organized  under  statutes  which  assign  them  useful  duties,  but 
they  are  unable  to  accomplish  more  than  nontiinal  results  when 
only  trifling  sums  are  made  available  for  the  work.  For  this  rea- 
son,  in  legislating  the  financial  provisions  for  a  State  highway 
department  should  receive  careful  consideration. 

The  salaries  of  the  commissioners  are  usually  stated  in  the 
law,  with  provision  for  the  payment  of  necessary  expenses  in- 
curred in  the  discharge  of  their  official  duties.  The  salary  of  the 
chief  engineer  is  sometimes  fixed  by  law.  In  a  few  cases,  the  law 
requires  certain  officials  to  furnish  bonds. 

The  law  must  provide  funds  for  (a)  the  general  administrative 
work  of  the  department,  (b)  its  educational  work,  (c)  its  cooper- 
ative work,  and  (d)  tiie  construction  and  maintenance  work 
carried  on  under  its  sole  direction. 

It  is  customary  to  provide  a  single  fund  for  the  work  under 
classes  (a),  (b),  and  (c).  Sometimes  this  single  fimd  also  includes 
the  sums  for  work  of  class  (d),  and  sometimes  such  work  is  done 
under  other  funds. 

The  fimds  for  the  work  of  a  State  highway  department  are 
raised  in  various  ways,  including  (1)  direct  appropriations,  (2) 
part  of  the  proceeds  of  the  sales  of  public  lands,  (3)  automobile 
fees,  (4)  taxes,  and  (5)  bond  issues.  The  details  will  often  depend 
uix>n  other  laws  relative  to  the  revenues  of  the  State  and  its 
subdivisions. 

The  financial  system  for  the  highway  department  of  any  State 
diould  be  determined  only  after  a  close  scrutiny  of  the  methods 
already  prescribed  for  raising  road  fimds  for  expenditure  under 
the  direction  of  local  authorities.  This  will  reduce  the  proba- 
bility of  a  conflict  of  laws,  or  an  ineqmtable  distribution  of  the 
burden  of  road  improvements. 

In  some  States,  cities  pay  no  contributions  toward  country 
roads.  The  economical  advantages  of  good  highways  are  prob- 
ably as  great  to  the  urban  as  to  the  rural  population,  and  it  is 
generally  considered  proper  that  taxation  for  rural  roads  should 
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apply  to  the  towns  and  cities  as  well  as  the  rural  sections  of  the 
district  taxed. 

Funds  for  adxninistrativei  educational  and  co5peratiye  work 
are  usually  provided  by  annual  or  biennial  legislative  appropria- 
tions, when  the  State  does  not  itself  carry  on  constructioiL 

The  fees  from  the  registration  of  motor  vehicles  and  the  licens- 
ing of  their  operators  are  generally  considered  b€»t  used  in  main- 
taining roads,  although  they  are  now  employed  in  a  number  of 
States  for  construction.  In  some  States  the  fees,  less  the  expense 
of  collecting,  are  returned  to  the  counties  where  tibey  are  col- 
lected to  be  used  there  for  road  purposes.  In  other  States  they 
are  expended  by  the  State  highway  departments  for  maintenance. 
In  Virginia  a  recent  law  directs  sSl  such  fees  to  be  spent  on  road 
maintenance  by  the  counties  under  the  direction  of  the  State 
highway  conmiissioner,  but  no  county  shall  receive  any  part  of 
such  fee  unless  it  contributes  an  equal  sum  for  the  same  purpose. 

In  a  number  of  States,  money  is  raised  by  taxation  for  a  State 
highway  fund,  which  is  apportioned  amoi^^  the  counties  upon 
some  basis  specified  in  the  law.  In  some  cases  equal  sums  are 
given  to  each  county;  in  other  States  part  is  apportioned  on  the 
basis  of  their  assessed  valuations  and  the  remainder  according 
to  their  areas;  in  other  States,  part  of  the  fund  is  apportioned 
according  to  the  assessed  valuations  and  the  remainder  as  the 
State  highway  department  deems  best  for  tiie  interests  of  the 
State  as  a  whole;  in  others,  the  State  highway  department  deter- 
mines how  the  entire  sum  shall  be  apportioned,  without  any 
statutory  control  over  the  distribution;  in  others,  the  funds  are 
allotted  to  the  local  road  authorities  as  awards  for  the  comple- 
tion of  road  work  satisfactory  to  the  department.  In  many 
States,  State  financial  aid  is  made  contingent  upon  the  provision 
by  the  county  or  other  local  authority  of  at  least  an  equal  sum. 

In  several  recent  statutes  provision  is  made  for  the  maintenance 
of  roads  constructed  imder  ihe  State  aid  plan,  and  in  a  few  cases 
the  State  highway  department  is  directed  to  refuse  further  finan- 
cial aid  to  counties  which  do  not  maintain  properly  the  existing 
State  aid  roads  imder  their  charge. 

The  Illinois  highway  law  contains  the  following  provision: 

If  any  countv  desires,  more  rapidly  than  its  allotments  of  State-aid 
road  moneys  will  permit,  to  construct  a  State-aid  road  along  one  or  more 
of  its  hidiways  that  have  been  selected  and  designated,  under  the  pro- 
visions of  this  act,  as  State-aid  roads,  such  county  is  hereby  authonsed 
to  advance,  out  of  any  county  funds  available  from  any  source,  or  which 
may  become  available  from  any  source,  for  such  purposCi  the  entire  cost 
of  constructing  such  State-aid  roads  and  to  make  such  unprovement  at 
any  time.  Such  countv  shall,  in  such  case,  have  the  right  to  use  any 
allotment  of  money  made  to  it  by  the  State  highway  commission,  to  defray 
one-half  the  cost  of  constructing  new  State-aid  roads,  in  the  county,  under 
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the  iiroTisioiiB  of  thiB  net,  or  to  apply  the  money  on  the  {payment  of  any 
bonoB  or  other  obligations  which  nave  been  or  may  be  issued  by  such 
county,  under  anv  law  of  this  State,  to  meet  the  cost  of  construction  of 
any  State-aid  roaa  or  roads  constructed  by  such  county  at  its  own  expense : 
Ptoyided,  however,  that  the  allotments  made  by  the  State  shall  not  be 
used  to  cover  more  than  one-half  the  cost  of  the  construction  of  such 
State-aid  roads:  And  proyided|^ also  that  such  State-aid  roads  shall  have 
been  constructed  unaer,  and  m  accordance  with,  plans^  specifications, 
estimates  of  cost  and  contracts  approved  by  the  State  highwiw^  commis- 
sion and  which  roads  shall  have  been  found,  upon  inspection  of  the  State 
iway  engineer,  to  have  been  completed  as  provided  for  in  said  contracts. 


ALABAMA 

State  Aid  LegisloKon 

The  State  highway  commission  consists  of  a  professor  of  civil 
engineering  m  the  Alabama  Polytechnic  Institute,  the  State  geolo- 
gist, and  three  civilians  appointed  by  the  governor,  who  hold 
office  for  four  years.  The  commission  deals  with  matters  of 
general  policy  and  acts  for  the  highway  department  in  making 
recommendations  to  the  governor  and  in  all  dealings  which  the 
highway  department  may  have  with  the  governor  and  the  legis- 
lature. 

A  State  highway  engineer  is  chosen  by  the  commission  and 
holds  office  at  their  pleasure  and  he  is  required  to  be  a  competent 
engineer  experienced  in  road  building.  He  is  required  to  make 
a  general  hi^^way  plan  of  the  State,  collect  information,  deter- 
mine the  chsffacter  and  supervise  the  construction  of  roads  built 
through  the  aid  of  the  State,  and  he  is  fiurther  required  to  pre- 
pare a  map  showing  such  of  the  main  highways  in  the  State  as 
m  his  judfonent  are  of  sufficient  importance  to  be  designated  as 
State  roads  and  which  should  be  improved  and  maintained  at 
ihe  cost  of  the  State  in  codperation  with  the  counties.  State 
funds  can  be  used  only  on  roads  designated  as  State  trunk  roads. 

A  cash  appropriation  is  made  and  apportioned  equally  to  all 
the  counties  in  the  State  on  condition  that  the  counties  pro- 
vide an  equal  amount.  Any  county  desiring  such  aid  shall 
make  a  written  application  to  the  State  highway  commission 
and  power  is  given  the  State  highway  engineer  to  approve 
or  disapprove  ^his  application.  The  preparation  of  plans  and 
specifications  and  the  actual  construction  of  the  roads  selected 
are  under  the  direct  control  of  the  State  highway  engineer,  who 
is  also  authorised  to  thereafter  require  that  such  roads  be  kept 
In  proper  repair,  and  if  the  county  fails  to  carry  out  the  recom- 
mendations of  the  State  highway  engineer  in  the  maintenance 
of  Buch  road,  the  State  highway  commission  may  prescribe  rules 
under  which  the  work  may  be  done  by  the  State  and  the  expense 
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paid  by  the  county,  or  if  the  county  defaults,  the  pajrinent  shall 
be  made  out  of  any  money  due  the  county  from  the  State  aid  fund. 
The  appropriation  for  the  last  fiscal  year  was  $154,000  less 
the  expense  of  operating  the  State  highway  department,  or  an 
average  of  12000  per  county. 

Local  Road  LegisUUion 

Jurisdiction  over  local  roads  vests  in  an  elected  board  of  county 
commissioners  consisting  of  the  probate  judge  and  four  others, 
but,  by  special  statute,  boards  of  revenue  or  like  boards  may  be 
created  to  take  the  place  of  boards  of  county  commissioners.  A 
supervisor  of  roads  for  an  entire  county  may  be  appointed  by  the 
board.  Road  taxes  may  be  worked  out  in  counties  having  less 
than  $100,000,000  assessed  valuation.  The  board  of  a  county 
divides  it  into  road  precincts  and  appoints  a  road  overseer  for 
each  precinct. 

Local  Bond  Issue  LegisUUion 

The  court  of  county  commissioners  and  board  of  revenue  of 
any  county  may  order  an  election  on  the  question  of  Issuing  bonds 
ol  the  coimty  for  building  roads  or  to  pay  debts  created  for  the 
building  of  roads.  After  an  election  is  held,  another  such  election 
shall  not  be  held  within  one  year.  A  majority  vote  is  necessary  to 
carry.  The  amoimt  of  bonds  shall  not  exceed  3^  per  cent  of  the 
assessed  value  of  property  and  shall  bear  not  to  exceed  5  per  cent 
interest,  shall  be  sold  for  not  less  than  par  vdue,  and  shall  run  for 
such  time  as  may  be  fixed  by  the  court  of  coimty  commissioners 
and  board  of  revenue.  No  specific  provision  is  made  by  law  for 
retiring  such  bonds,  and  this  matter  presumably  is  left  to  the  dis- 
cretion of  the  court  of  county  commissioners  and  board  of  revenue. 

Convict  Labor  Laws 

The  convicts  of  any  county  or  municipality  may  be  worked 
upon  the  public  roads,  bridged  or  ferries  of  the  county  under  the 
direction  of  the  court  of  county  commissioners,  or  they  may  be 
hired  to  other  counties.    State  convicts  may  be  hired  by  a  county. 

Highway  Officials 

Stale  Highway  Commission. — ^Robert  E.  Spragins,  chairman; 
John  Craft,  J.  B.  Rylance,  Dr.  Eugene  A.  Smith,  State  geologist, 
University  of  Alabama;  G.  N.  Mitcham,  professor  of  engineer^ 
ing,  Alabama  Pol3rtechnic  Institute;  W.  S.  Keller,  State  high- 
way engineer,  Montgomery;  J.  B.  Converse,  assistant  State  high- 
way ttigineer. 
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AtUamobile  Registration 

License  fees  for  private  cars:  Gasoline,  under  25  h.p.,  $7.50; 
25-30  h.p.,  $12.50;  30-40  h.p.,  $17.50;  40  h.p.  or  more,  $20. 
Electric,  $12.50;  Steam,  $15;  Motor  cycles,  $3;  motor  cycles  with 
side  car,  $5. 

License  fees  for  commercial  cars:  under  40  h.p.,  same  as  for 
priTste  cars;  40  h.p.  or  more,  $26. 

License  fees  for  motor  buses:  5  passengers  or  less,  $25;  5-10 
passengers,  $40;  10  or  more  passengers,  $60,  except  when  nm- 
ning  between  places  10  miles  or  more  apart,  when  the  fee  is  $40. 

The  licenses  are  issued  by  the  probate  judge  of  each  county, 
who  sends  40  per  cent  to  the  treasurer  of  the  city  or  town  where 
the  licensee  resides,  40  per  cent  to  the  county  treasurer  and  17} 
per  cent  to  the  State  treasurer,  and  retains  2}  per  cent  as  com- 
mission. 

Progress  Report 

While  most  of  the  country  was  experiencing  exceptional  pros- 
perity, the  boll  weevil  and  a  July  flood  caused  serious  distress  in 
Alabama  in  1916.  Road  construction  was  carried  on  as  exten- 
sively as  practicable  in  order  to  assist  farmers  whose  crops  were 
destroyed,  as  weU  as  for  the  tisual  objects.  Tlie  state  and  cotm- 
ties  combmed  in  spending  $175,792  on  roads  and  $12,963  on 
bridges.  Over  1000  miles  of  county  road  construction  was  car- 
ried on,  but  exact  figures  are  not  yet  available.  The  joint  state 
and  county  work  comprised  37.9  miles  of  sand-clay  roads,  34.35 
miles  of  earth  roads,  6.5  miles  of  chert  roads,  20.95  miles  of 
gravel  roads,  13  miles  of  railroad  converted  into  slag  and  cinder 
roads,  3.35  miles  of  gravel  road  with  bitmninous  binder,  220  feet 
of  concrete  bridges  and  132  feet  of  steel  bridges. 

Road  Funds 

The  funds  to  be  spent  under  the  state  department  include  a 
state  appropriation  of  $269,000;  a  county  appropriation  of 
$260,000  to  secure  the  state  appropriation,  federal  appropria- 
tions of  $104,148.90  and  $208,297.80,  and  a  county  appropriation 
of  $312,446.70  to  secure  the  federal  appropriations. 

The  federal-aid  system  as  planned  embraces  2727  nules,  of 
which  1851  miles  have  already  been  built. 

UlppiOTed  by  W.  8.  Kbllbb,  Stete  Highway  EngUieer.] 
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ALASKA 

Laws  Ooveming  Road  Work 

Road  improvements  are  conducted  under  an  act  of  Congress 
of  1906,  amended  in  1906.  It  directs  all  returns  from  liquor, 
occupation  or  trade  licenses  obtained  outside  incorporated  towns 
to  be  placed  to  the  credit  of  an  "Alaska  fimd/'  of  which  at  least 
65  per  cent  shall  be  spent  in  Alaska  for  roads,  trails  and  bridges. 
A  board  of  road  commissioners  composed  of  army  officers  has  cha»e 
of  the  location,  conslaiiction  and  maintenance  of  roads  and  trails, 
under  the  restriction  that  ''no  such  road  or  trail  shall  be  con- 
structed to  any  town,  camp  or  settlement  which  is  wholly  transi- 
tory or  of  no  substantial  value  or  importance  for  mining,  trade, 
agricultural  or  manufacturing  purposes."  Where  the  total  cost  of 
work  on  any  section  of  road  exceeds  $20,000,  it  must  be  done  by 
contract,  if  a  bid  not  unreasonably  high  is  obtained  from  a  re- 
sponsible party;  the  work  is  done  by  day  labor  otherwise. 

The  territory  is  divided  into  five  districts,  with  a  civil  engineer 
as  superintendent  in  charge  of  each.  The  engineer  member  of 
the  commission  is  responsible  for  the  execution  of  the  work  in 
conformity  with  projects  developed  by  the  commission  as  a  whole, 
and  sitnilar  freedom  is  given  to  the  disbursing  officer. 

Progress  Report 

Alaska  had  a  white  population  of  approximately  40,000,  en- 
gaged almost  exclusively  in  mining  and  fishing.  The  area  is 
nearly  600,000  square  miles.  When  the  commission  was  or- 
ganised in  1905,  there  was  a  primitive  mountain  road  running 
a  short  distance  from  Jimeau  and  a  start  in  road  building  had 
been  made  in  the  Fairbanks  mining  district  by  private  subscrip- 
tions. Summer  travel  was  only  possible  on  foot  or  horse-back; 
most  heavy  hauling  was  done  in  the  winter  over  the  snow. 

The  location  of  roads  and  trails  gave  more  trouble  than  their 
construction,  on  account  of  the  unusual  local  conditions  to  be 
satisfied.  The  roads  are  earth,  except  where  corduroy  or  planks 
surfacing  is  needed.  What  is  known  as  the  winter  sled  road 
type  differs  from  the  wagon  road  in  not  being  crowned,  ditched  or 
drained,  nor  extensively  corduroyed,  and  from  the  trail  in  being 
wider  and  with  better  grades  and  surface.  The  great  obstacles 
to  construction  are  the  permanently  frozen  ground  and  the  high 
prices  for  labor  and  teams.  If  some  classes  of  frozen  groimd  are 
stripped,  the  exposed  surface  material  will  slide  in  a  side  hill  cut- 
ting while  on  a  marsh  it  may  become  a  quagmire.  The  problems 
thus  presented  must  be  solved  in  a  variety  of  ways,  in  wnich  cor- 
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duroy  confitruction  occupies  a  prominent  place.  Ditching  in 
some  classes  of  frozen  soU  is  also  very  difficult,  but  is  necessary 
as  the  ground  is  very  wet  on  the  surface.  On  the  coast  line  the 
excessive  rainfall  and  the  character  of  the  country  traversed  make 
the  work  more  expensive  than  in  the  interior. 

Roads  are  cleared  for  an  average  width  of  24  feet,  while  the 
average  roadway  is  12  feet  wide.  On  side  hill  roads  with  light 
tri^c  and  where  corduroy  construction  is  very  expensive  the 
width  is  reduced  somewhat,  8  feet  being  the  minimum.  As  a  re- 
sult of  the  work  done  up  to  1913,  the  commission  estimated  that 
the  saving  in  cost  of  transportation  effected  in  that  year  by  the 
existence  of  the  roads  was  over  $2,100,000. 

Up  to  the  close  of  the  working  season  of  1916,  the  commission 
had  constructed  and  maintained  920  miles  of  wagon  roads, 
629  miles  of  winter  sled  roads  and  2,210  miles  of  trails,  at  a  total 
expense  of  $3,390,122.72.  Of  this  sum  $1,625,122.72  came  from 
the  Alaska  fund  and  the  remainder  from  congressional  appro- 
priations. Owing  to  the  burning  of  the  commission's  records  on 
July  15, 1915,  it  is  impossible  to  say  how  much  has  been  received 
from  a  local  road  tax  since  repealed  and  from  municipal  and  pri- 
vate donations.  The  average  cost  of  wagon  roads  is  $3144.00 
per  mile,  winter  sled  roads  $345,  and  trails  $106,  Although 
none  of  the  roads  is  classed  as  an  automobile  road,  about  250 
trucks  and  cars  use  them.  Maintenance  charges  are  heavy  on 
some  sections,  particularly  where  siunmer  floods  are  of  large 
volume. 

FuTkds 

Money  for  road  work  under  the  commission  is  derived  from  the 
Alaska  fund,  congressional  appropriations  and  private  donations. 

In  the  fiscal  year  1915-16,  the  Alaska  fund  yielded  $164,402 
and  the  congressional  appropriation  was  $165,000.  The  ex- 
penditures were  $300,720.  The  funds  for  the  fiscal  year  1916-17 
will  be  considerably  larger.  Congress  having  appropriated  $500,- 
000. 

Highway  Offiddla 

Board  of  Road  Commissioners. — Colonel  W.  P.  Richardson, 
president;  Major  P.  W.  Davison,  secretary  and  disbursing  officer; 
Captain  J.  C.  Mehaffey,  engineer  officer.    Offices,  Valdez. 

[Approved  by  Col.  W.  P.  Richaboion,  Cludnnui.] 
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ARIZONA 

State  Aid  Legislation 

The  State  engineer  is  appointed  by  the  governor  by  and  with 
the  advice  and  consent  of  the  senate,  and  is  required  to  be  a  com- 
petent civil  engineer.  He  prepares  plans  and  specifications  for 
State  highways  and  bridges  and  all  State  highway  work  is  done 
under  his  supervision. 

For  construction  purposes  an  annual  running  appropriation 
of  $250,000  is  made.  Seventy-five  per  cent  of  this  appropria- 
tion is  to  be  expended  in  the  counties  in  which  raised  under  the 
direction  of  the  county  boards  of  supervisors  and  tiie  State  en- 
gineer; 25  per  cent  to  be  expended  under  the  direction  of  the 
State  board  of  control  (the  governor,  auditor,  and  citizen  mem- 
ber appointed  by  the  governor),  and  the  State  engineer.  All 
engineering  expenses  to  be  paid  out  of  the  25  per  cent  portion, 
which  is  called  the  State  road  tax  fund. 

Local  Road  Legislation 

Jurisdiction  over  public  roads  vests  in  a  county  board  of  super- 
visors, who  may  appoint  a  county  road  engmeer  with  a  salary 
not  exceeding  $3000  a  year.  State  wide-tire  legislation  is  opera- 
tive only  in  counties  where  the  supervisors  have  adopted  it. 
Special  road  assessment  districts,  not  over  10  miles  long  and  1 
mile  wide,  may  be  formed  and  road  bonds  issued  on  it  by  a  vote 
of  the  electors. 

Cormci  Labor  Laws 

State  convicts  may  be  used  on  State  highway  and  bridge 
construction  under  the  prison  labor  law  whi(£  provides  $60,000 
annually  for  meeting  the  cost  of  such  labor.  In  addition  the 
prison  maintenance  fund  pays  into  the  State  road  fund  an  amount 
equal  to  the  expense  of  keeping  at  the  prison  the  nimabor  of 
prisoners  employed  on  the  State  highways  and  bridges.  Counties 
in  which  convict  labor  is  employed  are  not  entitled  to  any  other 
aid  from  the  State  road  fund  except  for  engineering  purposes. 

The  State  highway  department  maintained  two  prison  labor 
camps  during  the  fiscal  year  1915-1916;  one  under  the  honor 
and  one  under  the  guard  system.  The  cost  of  their  operation 
in  excess  of  the  amounts  provided  under  the  Prison  Labor  Law 
is  borne  by  the  counties  in  which  the  work  was  done  from  their 
portion  of  the  75  per  cent  fund.  In  1915-1916, 9357  dajrs  of  labor 
were  done  in  the  honor  camp  at  an  average  cost  per  working  day 


ROAD   IMPROVEMENTS  61 

of  $1,517,  and  18,561  days  in  the  guard  camp  at  an  average  cost 
per  working  day  of  $1.64.  Both  camps  have  been  located  from 
20  to  35  miles  from  the  nearest  railroad  point. 

Local  Bond  Ibsils  Legislation 

The  board  of  trustees  of  any  road  district  may,  when  it  is  deemed 
necessary  or  advisable  to  e3q>end  a  larger  amount  than  can  be 
raised  by  the  tax  of  75  cents,  call  an  election  and  submit  the  ques- 
tion of  bonds  to  the  voters  of  the  district.  A  two-thirds  favorable 
vote  authorises  the  issuance  and  sale  of  bonds,  which  shall  nm  for 
not  more  than  twenty  years,  shall  bear  interest  not  exceeding  6  per 
ottit,  payable  annually  and  shall  not  be  sold  for  less  thim  par. 
The  board  of  supervisors  shall  levy  a  tax  sufficient  to  pay  interest 
and  retire  bonds  at  the  end  of  their  term,  although  the  board  may 
IHTovide  for  bonds  to  be  retired  serially. 

AtUomobile  RegiHration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  r^pstration  fees  are  as  follows:  25  h.p.  and  less.  $5; 
25  to  40  h.p.,  $10;  over  40  h.p.,  $15;  motor  ^cles,  $2;  dealers,  one 
machine  in  each  class,  at  regular  rates;  chauffeur's  license,  $5. 

The  revenues  are  credited  to  the  State  road  tax  fund.  For  the 
3rear  aiding  June  30, 1916,  they  were  $69,429. 

Highway  Officials 

Board  of  Control. — Geo.  W,  P.  Hunt,  governor;  J.  C.  Callaghan, 
State  aumtor;  Chas.  R.  Osbum,  citizen  member  and  secretary; 
Lamar  Cobb,  State  engineer.  Phoenix.  The  staff  is  under  T.  F. 
Nichols,  office  engineer,  and  E.  P.  Adams,  chief  clerk. 

Progress  Report 

During  the  year  ending  June  30,  1916,  the  expenditures  under 
the  direction  of  the  State  highway  department  were  as  follows: 
State  road  fund,  $487,085.27;  general  fund,  $5,833.28;  total, 
$492,918.55;  refunds,  $51,716.38;  net  total,  $441,202.17.  Of 
this  amount,  $114,548.51  was  spent  for  the  construction  of 
bridges,  $246,365.92  for  the  construction  of  hi^ways,  $28,130.39 
for  maintenance,  $26,976.13  for  engineering,  $9,612.79  for  equip- 
ment, $856.50  for  general  expenses  in  aiding  counties  and  like 
work,  $8,878.65  for  administration  and  $5,833.28  for  executive 
work. 
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There  were  9.58  miles  of  road  graded  but  not  surfacedi  37.45 
mfles  graded  and  surfaced,  7.6  miles  oil-surfaced,  15.25  miles 
regradeid,  1,202  feet  of  concrete  pavement  laid,  786  feet  of  con- 
crete bridges  and  60  feet  of  steel  bridges  btdlt,  4,683  feet  of  cul- 
verts installed,  and  214  miles  of  road  maintained. 

During  the  calendar  year  1916  the  county  road  officials  spent 
$1,547,019. 

Road  Funds' 

The  funds  for  State  highway  construction  in  1916-1917  com- 
prise an  appropriation  of  $250,000,  $70,000  raised  \mder  the 
Prison  Labor  Law,  $90,000  motor  vehicle  fees  and  $68,513  from 
the  Federal  aid  road  funds,  making  a  total  of  $478,513. 

In  addition  the  counties  will  probably  spend  $626,000  raised 
by  taxation  and  $400,000  from  bond  issues,  making  a  total  county 
fund  of  $1,026,000. 

(Apimnred  by  Lauab  Cobb,  State  EniitmrJ 

ARKANSAS 

State  Aid  LegUHaium 

An  act  approved  March  31,  1913,  provided  for  forming  the 
State  land  office  into  a  department  of  State  lands,  highways, 
and  improvements,  and  created  in  connection  with  it  a  State 
highway  commission  and  a  highway  improvement  fund.  The 
State  highway  commission  is  to  consist  of  three  members,  as 
follows:  Commissioner  of  State  lands,  highways,  and  improve- 
ments, chairman;  two  members  to  be  appointed  by  the  governor 
to  serve,  respectively,  one  and  two  years;  thereafter,  as  the 
terms  expire,  each  commissioner  appointed  shall  serve  two  years. 
The  existence  of  the  State  highway  commission  is  limited  to 
thirty  years. 

The  commissioner  of  State  lands,  highways,  and  improvements 
is  required  to  appoint  a  State  highway  engineer  subject  to  the 
approval  of  the  commission,  who  shall  be  a  graduate  in  engineer- 
ing of  some  reputable  school  of  engineering  and  skilled  in  road 
building.    He  holds  office  for  the  term  of  two  years/ 

A  highway  improvement  fund  is  created,  composed  of  funds 
derived  from  motor-vehicle  fees  and  licenses,  being  one-half 
the  total  $10  fee  or  $5  per  vehicle. 

The  department  is  required  to  collect  data,  see  that  road 
laws  are  enforced,  hold  road  institutes  at  least  once  a  year,  which 
coun^  judges,  county  engineers,  and  road  overseers  are  re- 
quired to  attend,  and  for  which  they  are  to  receive  the  same  pay 
as  if  they  were  engaged  in  actual  road  work.  The  department 
is  required  to  furnish  plans  and  specifications  when  requested 
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to  do  80|  and  aid  in  the  formation  and  management  of  highway 
improvement  districts.  The  department  is  authorized  to  de- 
termine the  method  of  distribution  of  any  State  road  funds  that 
may  be  available. 

The  highway  improvement  districts  are  created  on  application 
to  the  county  courts,  giving  description  of  the  roads  to  be  im- 
proved and  the  territory  traversed  by  them. 

The  department  is  authorized  to  employ  State  convicts  on 
the  public  roads  or  for  public  road  purposes. 

Local  Road  Legislaiion 

Jurisdiction  over  roads  vests  in  the  county  court,  of  which  the 
probate  jud^e  is  chairman.  Road  officials  are  appointed  by  him. 
The  per  capita  road  tax  may  be  worked  out.  A  3-mill  road  tax 
levied  on  all  assessed  property  is  collected  in  cash.  Special  assess- 
ment districts  for  road  construction  may  be  formed  upon  petition 
of  a  majority  of  the  property  owners.  The  cost  is  assessed  upon 
the  property  and  the  work  done  under  the  supervision  of  tlu*ee 
commissioners  receiving  not  more  than  $5  per  day  each  when 
actually  employed. 

Local  Bond  Issue  Legislation 

The  board  of  commissioners  of  a  road  improvement  district 
may  issue  bonds  to  run  not  over  thirty  years,  retired  either  serially 
or  by  a  sinking  fund. 

Convict  Labor  Laws 

The  department  of  State  lands,  highways  and  improvements 
shall  employ  as  many  of  the  State  convicts  on  the  public  roads  as 
may  not  be  otherwise  employed  by  the  penitentiary  authorities, 
the  escpenses  to  be  borne  by  the  coimty  or  improvement  district 
in  which  they  work. 

County  convicts  may  be  worked  upon  the  highwasrs  of  the 
county,  and  it  is  lawfiil  to  provide  in  any  highway  charter  for 
working  the  male  county  convicts  upon  the  highwa3rs  of  the  county. 
In  case  such  district  is  not  coextensive  with  the  county  from  which 
they  come,  the  county  court  shall  first  approve  the  provision. 
Special  improvement  districts  may  use  convict  labor  and  pay  a 
flat  rate  of  76  cents  to  the  coimty. 

Automobile  Registration 

The  law  requires  annual  registration  with  the  commisaoner  of 
State  lands,  highways  and  improvements,  payment  to  be  made 


64  AMBBICAN  HIGHWAY  ASSOCIATION 

to  the  oounty  tax  oolleotor^  whose  receipt  is  f orwsrded  with  the 
application  for  registration.  Hie  fees  are  as  foUows:  Ail  motor 
vehicles,  $10;  dealers,  one  machine  in  each  class,  at  regular  rate; 
chauffeur's  license,  $1. 

The  revenues  are  equally  divided  between  the  State  and  the 
county  in  which  the  revenue  is  collected,  the  State  portion  to  be 
credited  to  the  State  highway  improvement  fund.  The  fees  and 
forfeitures  are  paid  into  the  general  school  fund  of  the  county  in 
which  they  are  imposed.  (Act  No.  134,  Laws  1911,  as  amended 
by  Act  No.  802,  Laws  1913.) 

Highway  Officials 

State  Highway  Cammissian.  Five  members,  of  which  the  com- 
missioner of  State  lands,  highways  and  improvements,  is  chair- 
man; appoints  a  State  highway  engpieer  The  present  State  high- 
way engineer  is  H.  R.  Carter,  at  Little  Rock. 

State  Road  Funds 

Approximate  funds  available  for  1916:  automobile  licenses  and 
fees  from  sale  of  State  lands^  $60,000;  from  3  mill  tax  and 
spent  by  counties,  $1,300,000;  total  $1,360,000;  from  improve- 
ment lists  $850,000;  grand  total  $2,210,000. 

Approximate  fimds  for  1916:  Three-mill  road  tax,  $1,400,000; 
State  and  Federal  aid  funds,  $600,000;  road  improvement  dis- 
trict fimds,  $4,000,000;  free  labor  or  per  capita  tax  commutation, 
$400,000;  total,  $6,400,000. 

tApproved  by  H.  R.  Cabtbb,  State  Hichway  Encuwv.] 


CALIFORNIA 

State  Aid  Legislation 

The  State  provided  by  a  referendum  vote  of  the  people,  effec- 
tive December  31,  1910,  for  a  bond  issue  of  $18,000,000  under 
the  "State  Highways  Act,''  which  defines  in  a  general  way  the 
roads  to  be  built.  This  work  is  under  the  general  direction  of 
the  advisory  board  of  the  State  department  of  engineering, 
consisting  of  the  governor,  who  is  ex-officio  chairman;  the  State 
engineer;  the  general  superintendent  of  State  hospitals;  the 
chairman  of  the  State  board  of  harbor  commissioners  of  San  Fran- 
cisco; and  three  members  appointed  by  the  governor.  It  is 
directly  administered  by  the  three  appointed  members,  who  are 
designated  by  a  resolution  of  the  advisory  board  of  the  depart- 
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ment  of  engineering  as  the  California  Highway  Commission, 
and  given  by  resolution  full  authority  over  construction  of  the 
system  of  State  highways  under  the  $18,000,000  State  bond 
issue.  The  highway  engineer,  appointed  by  the  governor,  is 
the  executive  officer  of  the  commission,  and  in  his  charge  is 
placed  the  construction  of  the  State  highway  system. 

The  State  highways,  in  the  limguitf^  of  the  act  providing  the 
bond  issue,  are  being  acquired  and  constructed  through  the 
Sacramento  and  San  Joaquin  valleys,  and  along  the  Pacific  Coast, 
connecting  county  seats  lying  east  and  west  of  the  main  routes. 
This  system  is  to  be  constructed  and  maintained  at  the  expense 
of  the  State,  except  that  each  county  must  pay  into  the  treasury 
4  per  cent  per  annmn  upon  the  sum  of  money  expended  in  such 
county  in  the  construction  of  State  highways,  less  such  portion 
of  the  amount  expended  as  the  bonds  matured  shall  bear  to 
the  total  niunber  of  bonds  outstanding.  The  State  highways 
extend  from  the  Oregon  boundary  to  San  Diego  and  El  Centro, 
the  most  southerly  county  seats,  and  are  maintained  through 
funds  derived  from  the  State  license  fee  imposed  upon  motor 
vehicles. 

In  1916,  a  $15,000,000  bond  issue  was  approved  by  a  four-to- 
one  vote  for  completing  the  State  highway  S3rstem  contemplated 
under  the  1910  bond  issue  and  addmg  connecting  highways  to 
make  the  system  more  comprehensive.  Of  this  amount  $3,000,- 
000  wQl  be  used  on  a  county-aid  cooperative  basis  in  building 
eight  highwa3rs. 

The  State  department  of  engineering  has  general  authority 
over  all  participations  by  the  State  in  works  of  highway  im- 
provement, and  is  given  authority  to  make  investigations  re- 
garding highway  betterment  or  extension  which  may  be  deemed 
desirable.  In  addition  to  the  system  of  State  highways,  pro- 
vided by  bond  issue,  such  appropriations  are  made  from  time 
to  time  for  construction  of  roads  of  State  importance,  particularly 
in  mountainous  sections  and  in  localities  where  the  sparse  popu- 
lation makes  the  expense  an  undue  legal  tax  burden. 
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Local  Road  Legislation 

County  supervisors,  of  whom  there  are  five  in  each  county, 
elected  for  a  term  of  four  years  in  November  of  even  years,  have 
authority  over  roads.    The  county  surveyor  is  elected. 

Local  Bond  Issue  Legislation 

Upon  petition  of  a  number  of  freeholder  electors  of  any  county 
equal  to  10  per  cent  of  the  last  vote  cast  for  governor,  praying  that 
the  issuance  of  bonds  for  highway  purposes  be  submitted  to  the 
electors,  the  coimty  supervisors  may  appoint  a  highway  commission 
of  three  members  for  such  county  to  investigate  the  midn  roads  and 
report  to  the  board  of  supervisors  those  roads  that  should  be 
improved,  their  estimated  cost  and  the  amount  of  bonds  to  be 
issued.  If  this  report  is  approved  by  the  board  of  supervisors, 
an  election  on  the  issuance  of  the  bonds  shall  immeaiately  be 
called.  A  two-thirds  majority  vote  of  the  qualified  electors  is 
required.  The  term  and  rate  of  interest  is  not  specified  in  the  act. 
All  work  done  with  the  proceeds  of  the  bond  issue  shall  be  under 
the  direction  of  the  highway  commission. 

The  coimty  supervisors  of  any  county  may  create  road  districts 
under  two  different  acts.  A  permanent  road  district  (act  of  March 
19,  1007)  may  be  created  upon  the  petition  of  a  majority  of  the 
land  owners  of  the  proposed  district,  who  may,  in  their  petition, 
propose  a  bond  issue  for  certain  road  improvements,  and  this 
bond  issue  shall  be  submitted  by  the  supervisors  to  the  electors  of 
the  district,  and  if  two-thirds  of  the  votes  cast  are  favorable,  then 
bonds  of  the  district  shall  be  issued  not  to  exceed  15  per  cent  of  the 
assessed  valuation,  to  run  not  to  exceed  twenty  years,  and  to  bear 
interest  at  not  to  exceed  7  per  cent  per  annimi.  The  bonds  shall 
be  sold  to  the  hi^est  bidder  at  not  less  than  par,  and  the  work 
authorized  shall  be  done  by  contract  to  be  let  to  the  lowest  respon- 
sible bidder.  A  special  road  district  (act  of  March  21,  1907), 
for  certain  specified  improvements  on  established  roads  may  be 
created  by  the  county  supervisors  after  giving  notice  of  the  pro- 
posal, if  a  majority  of  the  land  owners  of  the  proposed  district 
do  not  file  objections  thereto  prior  to  the  date  set  for  hearing 
objections.  Upon  the  creation  of  the  district,  contracts  under 
the  approved  specifications  shall  be  awarded  to  the  lowest  respon- 
sible bidder  and,  upon  the  completion  and  acceptance  of  the  work, 
bonds  of  the  district  shall  be  issued  to  pay  for  this  work,  to  run  not 
to  exceed  twenty  years,  and  bear  interest  at  not  to  exceed  7  per 
cent  per  annum.  Under  both  acts  a  tax  shall  be  levied  to  pay  in- 
terest and  principal  when  due,  ^though  in  the  case  of  bonds  issued 
bv  a  special  road  district  the  county  supervisors  may  make  transfers 
of  funds  for  the  payment  of  interest  and  principal  when  due. 
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Convict  Labor  Law 

An  act  authorizing  the  use  of  convict  labor  on  State  highways 
was  passed  in  1915.  Upon  the  requisition  of  the  Department  of 
Engineering,  the  State  Board  of  Prison  Directors  shall  send  to 
the  place,  and  at  the  time  designated,  the  number  of  convicts 
requisitioned,  or  such  portion  thereof  as  are  available,  in  the 
judgment  of  the  warden.  The  department  of  engineering  desig- 
nates and  supervises  the  road  work  done  and  provides  and  main- 
tains necessary  camps  and  conmiissariats.  The  State  board  of 
prison  directors  has  full  jurisdiction  at  all  times  over  the  disci- 
pline and  control  of  convicts  employed  on  the  State  roads.  The 
convicts  so  employed  are  compensated  by  being  allowed  a  reduc- 
tion of  their  time  to  serve  in  prison,  not  to  exceed  one  da^  for 
each  two  calendar  days  that  the  convict  is  absent  from  the  prison. 

Automobile  RegistraUon 

A  new  motor  vehicle  act  became  effective  on  January  1,  1916. 
Annual  registration  is  required,  the  application  to  be  forwarded 
to  the  motor  vehicle  department  with  fee,  which  issues  the  nec- 
essary nmnber  plates,  etc.,  and  makes  record.  Registration  fees 
are  as  follows: 

For  the  registration  of  every  automobile,  except  electric  motor 
vehicles,  40  cents  for  each  horse  power  or  major  fraction  thereof. 
A  graduated  fee  for  every  motor  vehicle  equipped  with  other  than 
pneumatic  tires  and  used  for  commercial  purposes,  according  to 
weights,  in  addition  to  regular  fees.  Electric  motor  vehicles, 
%5;  motorcycles,  $2.  Dealers,  for  each  5  cars  operated,  $25,  and 
S2  for  every  automobile  in  excess  of  5  so  operated,  including  the 
necessary  number  plates.  Motorcycle  dealers,  $5.  Chauffeur's 
license,  $2. 

The  maintenance  of  the  State  and  certain  county  roads  is  taken 
care  of  by  a  fund  collected  from  the  license  tax  on  motor  vehicles. 
During  1916  approximately  $2,136,000  was  collected.  After  de- 
ducting the  cost  of  licenses  and  collection,  half  the  money  is  used 
for  the  maintenance  of  State  highwa3rs  and  the  other  half  divided 
among  the  counties  of  the  State  in  proportion  to  the  amoimt  col- 
lected from  ^ach  county  for  licenses,  this  amoimt  to  be  used  in 
the  maintenance  of  county  highways. 

Highway  Offidah 

State  Highway  Commieeion,  Sacramento. — ^Newell  D.  Darling- 
ton, Los  Angeles,  chairman,  Chas.  F.  Stem,  Eureka,  Charles  D. 
Blaneyt  Saratoga. 
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AuBtin  B.  Fletcher,  formerly  the  secretary  and  chief  executive 
officer  of  the  Massachusetts  highway  commission,  is  the  highway 
engineer  and  executive  officer  of  the  commission.  Wilson  R. 
E31is  of  Berkeley  is  secretary  of  the  commission. 

The  headquarters  office  is  at  Sacramento  and  the  division 
offices  are  maintained  in  San  Francisco,  Los  Angeles,  Dunsmuir, 
Fresno,  San  Luis  Obispo  and  Willits. 

Progress  Report 

The  State  hijghway  work  under  the  $18,000,000  bond  issue  of 
1910  has  been  in  progress  since  the  spring  of  1912.  On  January 
1,  1917,  the  system  included  1562  miles  of  the  following  tjrpes: 
Concrete  base  with  asphalt  surfacing,  5.41  miles;  concrete  base 
with  Topeka  surfacing,  18.08  miles;  concrete  base  with  thin 
bituminous  surfacing,  864.85  miles;  macadam  base  with  Topeka 
surfacing,  16.54  miles;  oiled  macadam  roads,  158.46  miles;  as- 
phaltic  concrete,  10.37  miles,  brieves,  0.84  mile;  graded  roads 
otherwise  unimproved,  334.52  miles;  imfinished  roads  with  con- 
crete base  and  thin  bituminous  surfacing,  77.03  miles;  unfinished 
graded  roads  otherwise  \mimproved,  76.13  miles.  The  uncom- 
pleted roads  will  be  finished  in  1917. 

No  work  had  been  started  on  January  1,  1917,  under  the 
$15,000,000  bond  issue. 

[ApproT«d  by  Auvtxm  B.  Flktchkb.  State  Highway  En^neer.) 

COLORADO 

Oood  Roads  Legislation 

The  State  highway  commission  consists  of  a  highway  com- 
missioner, appointed  by  the  governor,  and  an  advisory  board 
oif  five  members,  holding  otHce  from  one  to  five  years,  respectively. 
The  commission  is  required  to  meet  four  times  a  year  and  to 
appoint  a  secretary,  who  is  required  to  be  a  civil  engineer  and  a 
practical  road  builder,  to  hold  office  at  the  pleasure  of  the  com- 
mission. The  commission  is  required  to  prepare  a  map  show- 
ing the  public  roads  in  each  county  connecting  the  roads  of 
sufficient  importance  to  receive  State  aid  and  form  a  connecting 
83rBtem  of  State  roads.  The  commission  is  given  authority  to 
designate  the  most  important  roads  as  the  first  to  be  improved. 
They  are  also  authorized  to  make  investigations  to  ascertain 
the  location  of  road  material,  etc.  The  commission  is  given 
authority  to  apportion  the  State  road  fund  among  the  counties, 
taking  into  consideration  area,  amount  of  money  expended  in 
construction,  difficulty  and  extent  of  such  construction,  and 
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eactraordinary  expenses  in  connection  with  the  development  of 
new  territory.  The  counties  receiving  such  aid  are  required 
to  raise  an  amount  equal  to  the  amount  set  aside  by  the  State, 
unless  the  State  highway  commission  should  desire  to  extend 
further  aid  to  poorer  counties,  in  which  case  they  may  extend 
it  to  the  extent  of  $5  of  State  money  to  $1  of  the  county's.  All 
money  apportioned  to  counties  and  not  accepted  by  them  is 
distributed  to  other  counties.  The  county  commissioners  are 
to  designate  the  roads  to  receive  State  aid,  subject  to  the  approval 
of  the  State  highway  commissioner.  The  county  commissioners 
must  make  siurvejrs,  prepare  plans  and  specifications,  and  make 
estimates  and  submit  them  to  the  State  highway  commissioner 
for  approval.  Contracts  are  let  by  the  county  commissioners 
after  approval  by  the  State  highway  commissioner.  Construc- 
tion and  mamtenance  are  under  the  supervision  of  the  county 
commissioners,  subject  to  the  approval  of  the  State  highway 
conunissioner.  The  money  apportioned  by  the  State  highway 
conomission  shall  be  paid  to  the  treasurer  of  the  county  on  esti- 
mates from  the  State  highway  commissioner  as  the  work  pro- 
gresses. Annual  reports  must  be  made  by  the  county  com- 
missioners to  the  State  highway  commissioner  of  all  moneys 
expended  on  roads  during  the  current  year. 

Appropriations  for  State  highways  are  made  directly  by  the 
legislature. 

Local  Road  Legislation 

In  each  county  a  board  of  three  county  commissioners  serving 
4-year  terms  has  jurisdiction  over  local  roads.  They  may  ap- 
point a  general  overseer  for  all  such  roads  or  divide  the  coimty 
into  districts  and  appoint  a  district  overseer  for  each. 

An  act  of  the  legislature  passed  in  1913  providing  that  the 
cotmty  commissioners  in  counties  having  a  revenue  of  $12,000 
or  more  may  elect  a  county  road  supervisor  to  have  entire  super- 
vision of  all  the  roads  and  bridges  in  the  county.  He  is  required 
to  make  a  complete  report  on  the  first  of  each  month,  which  re- 
port after  approval  by  the  county  commissioners  is  forwarded 
to  the  State  highway  commissioner.  He  is  required  to  attend 
at  least  one  meeting  annually  at  the  capitol  called  by  the  State 
highway  commissioner. 

Local  Bond  Legislation 

When  the  county  commissioners  of  any  county  shall  deem  it 
necessary  to  create  a  coimty  indebtedness  for  road  and  bridge 
purpcwes,  they  may  submit  the  proposition  to  a  vote  and,  if  a 
majority  of  the  votes  cast  are  in  favor  of  the  proposition,  they  may 
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issue  bonds  of  the  county  in  the  aggregate  not  to  exceed  the  follow- 
ing: Counties  of  assessed  valuation  less  than  $5,000,000,  S3  on 
each  $1000;  and  counties  of  assessed  valuation  over  $5,000,000, 
$1.50  on  each  $1000.  These  bonds  shall  bear  interest  not  exceed- 
ing 10  per  cent  per  annum  and  shall  be  payable  at  the  pleasure 
of  the  county  after  ten  years,  but  absolutely  due  and  payable 
twenty  years  from  the  date  of  issue.  To  pay  the  interest  on  such 
bonds,  an  annual  tax  shall  be  levied  by  the  county  commission- 
ers, and  for  their  ultimate  redemption  the  county  commissioners 
shall  levy  annually,  after  ten  years,  a  tax  upon  all  taxable  prop- 
erty in  the  coimty  in  such  an  amount  as  to  create  a  yearly  fund 
equal  to  10  per  cent  of  the  whole  amoimt  of  the  bonds.  The  pro- 
ceeds of  these  bonds  shall  be  used  only  for  the  purpose  for  which 
they  were  issued.    (Constitution,  article  xi,  Section  6.) 

Under  Section  1364,  revised  statutes  of  1908,  the  aggregate 
amount  of  road  and  bridge  bonds  in  coimties  with  an  assessed 
valuation  of  $1,000,000  to  $5,000,000  is  fixed  at  $12  per  $1000, 
and  in  counties  with  over  $5,000,000  assessed  valuation  at  $6  per 
$1000. 

Convict  Labor  Laws 

At  the  request  of  the  board  of  county  commissioners  the  warden 
of  the  State  penitentiary  shall  detail  such  a  number  of  prisoners 
to  work  on  the  public  roads  as  he  shall  deem  proper.  The  addi- 
tional cost  of  guarding  and  other  expense  must  be  borne  by  the 
eounty. 

AiUomobile  Registration 

Annual  registration  with  the  secretary  of  State  is  required- 
The  fees  are  as  follows:  20  h.p.  and  less,  $2.50;  21  h.  p.  and  40 
h.p.,  $5;  41  h.p.  and  over,  $10;  motorcycles,  $2;  chauffeur's  li- 
cense, $1. 

Revenues  are  divided  equaUy  between  the  State  and  the  eounty 
from  which  the  revenue  is  received.  The  State's  portion  is  creditM 
to  the  State  road  fund,  to  be  expended  in  improving  and  main- 
taining State  roads,  and  the  counties'  portion  is  crated  to  the 
road  fund  of  such  county.  Fines  and  forfeitures  are  divided  equally 
between  the  State  and  the  coxmly  and  credited  in  the  same  way  at 
the  registration  fees.    (Act  No.  49,  Laws  1913.) 

Highway  Officials 

Stale  highway  commissioner.  T.  J.  Ehrhart,  of  Denver,  Colorado. 
There  is  an  advisory  board  of  five  members,  composed  at  this  time 
of  J.  M.  Kuykendall,  chairman,  Denver:  Leonard  E.  Curtis,  v. 
chairman,  Colorado  Springs;Fred  J.  Radtord,  member,\Trinidad; 
L.  Boyd  Walbridge,  meml^r,  Meeker;  IVederick  Goble)  member , 
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Silverton,  and  secretary  and  engineer,  J.  E.  Maloney,  Littleton; 
stenographer,  A.  A.  Ross,  Denver. 

Progress  Report 

The  total  length  of  roads  in  the  State  is  estimated  to  be  40,000 
miles,  of  which  1008  miles  are  estimated  to  be  hard  surfaced  and 
8000  to  be  improved.  No  roads  have  been  completed  entirely 
at  the  expense  of  the  State,  but  it  is  estimated  that  6000  miles 
have  been  improved  partly  at  the  expense  of  the  State  and  partly 
at  the  expense  of  local  sub-divisions.  An  additional  600  miles  are 
in  course  of  improvement  jointly  by  the  State  and  subnlivisions. 
No  roads  are  maintained  at  the  expense  of  the  State  but  there  are 
approximately  6000  miles  maintamed  under  the  direction  of  the 
county  commissioners  for  which  the  State  pays  a  portion  of  the 
cost.  There  were  2100  miles  of  road  graded  and  drained  and  about 
295  miles  of  road  surfaced  with  gravel,  shale,  sand  or  clay,  under 
the  direction  of  the  State  highway  commission  during  the  calendar 
year  1916.  The  total  expenditure  of  State  funds  on  State  roads 
during  1916  was  $769,250,  and  of  county  funds  on  these  roads 
approximately  $441,496,  making  a  total  expenditure  on  State  road 
system  for  the  year  of  approximately  $1,211,446. 

Five  convict  camps  of  approximately  50  men  each  were  worked 
on  the  roads  in  different  portions  of  the  State  during  the  year. 

The  grading  and  ditching  on  the  2100  miles  of  State  road  during 
1916  averaged  about  $346  per  mile.  About  170  bridges  were  built, 
of  steel  and  reinforced  concrete,  at  an  average  cost  of  $1030  each; 
1620  culverts  were  placed  at  an  average  cost  of  about  $43  each. 
The  295  miles  of  road  surfaced  with  gravel,  shale,  sand  or  clay 
averaged  about  $415  per  mile.  The  balance  of  the  expenditure  is 
for  dragging  and  maintenance,  engineering  and  administration. 
The  expenditure  on  coimty  roads  of  the  State  amounted  to  about 
$1,042,000^  on  some  33,000  miles  of  road.  Work  has  been  in 
progress  in  every  county  in  the  State  and  the  main  passes  have 
been  improved  so  as  to  permit  travel  with  comfort.  The  road 
over  Wolf  Creek  Pass  to  Mesa  Verde  National  Park  was  opened 
this  year  and  autos  can  make  the  trip  to  the  Cliff  dwellers  ruins 
now. 

Road  Funds 

The  funds  available  for  expenditures  by  this  department  will 
amount  to  about  $750,000  for  this  year. 

In  meeting  this  amoimt  the  counties  will  put  up  probably 
about  $500,(W0.  This  amoimt  will  be  spent  on  the  State  road 
system.  In  addition  to  this,  the  counues  will  raise  by  their 
tax  levy  for  roads  and  bridges  about  $1,000,000  which  will  be 
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spent  on  all  roads  other  than  State  roads,  or  a  total  of  $2,250,000, 
although  it  is  possible  that  about  $250,000  of  tUs  latter  amount 
may  be  diverted  to  use  upon  the  State  road  systems.  The  sources 
of  the  State  fimd  are  as  follows:  One-half  mill  levy  for  State  road 
purposes,  will  yield  approximately  $600,000  (part  of  this  fund  an- 
ticipated) ;  receipts  from  automobile  license,  $100,000 ;  amount  re- 
ceived from  the  internal  improvement  income  and  permanent  fund, 
$50,000.  The  county  fund  is  raised  entirely  by  direct  levy  for 
roads  and  bridge  purposes. 

lApprovod  by  J.  E.  Malonit.  secretary  and  engineer,  State  highway  oommiauon.] 

CONNECTICUT 

State  Aid  Legislation 

A  State  highway  commissioner,  who  shall  be  a  capable  road 
builder,  is  appointed  by  the  governor  with  the  consent  of  the 
senate  and  holds  office  for  four  years.  He  has  a  right  to  enter 
any  town  in  the  State  and  lay  out  and  improve  any  trunk  line 
roads  and  certify  the  cost  of  the  same  to  the  State  comptroller 
for  payment.  He  has  authority  to  approve  the  application  of 
the  selectmen  of  any  town  for  State  aid,  to  select  the  highway 
to  be  improved  with  such  aid,  make  surveys,  plans  and  speci- 
fications therefor,  determine  the  character  to  the  road,  and  have 
supervision  of  the  construction.  He  has  the  right  to  reject  any 
and  all  bids,  and  where  the  cost  is  less  than  $1000  he  may  at  his 
discretion,  permit  the  town  to  do  the  work.  He  shall  keep  all 
State  roads  in  repair  and  certify  the  cost  of  the  comptroller.  He 
is  authorized  to  appoint  a  deputy  commissioner,  eight  division 
engineers,  and  such  other  assistants  as  he  may  deem  necessary 
and  fix  their  salaries. 

Whenever  any  town  desires  to  improve  a  public  road  by  the 
aid  of  the  State  the  selectmen  of  the  town  shall  make  application 
to  the  State  highway  commissioner  for  such  aid,  such  applica- 
tion to  be  subject  to  his  approval.  The  aid  granted  by  the  State 
is  apportioned  as  follows:  In  towns  having  a  taxable  valuation 
of  over  $1,250,000  the  State  pays  three-fourths  of  the  cost  of 
roads  constructed  as  State  aid  roads,  and  in  towns  having  a 
valuation  of  $1,250,000  or  less  the  State  pays  seven-eighths  of 
the  cost  of  such  construction.  The  law  permits  the  use  of  two 
years'  appropriation  in  one  year.  A  trunk  line  system,  compris- 
ing the  principal  roads  of  the  State,  is  gradually  being  constructed 
and  maintained  entirely  at  the  cost  of  the  State.  The  State  high- 
way commissioner  is  authorized  to  lay  out,  widen  and  grade  any 
highway  in  the  State  whenever  he  deems  it  necessary  for  the 
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purpose  of  connecting  with  the  trunk  line  highways.  Under  the 
new  law,  towns  are  permitted  to  improve  State  aid  roads  with 
their  own  funds  and  recover  their  proportion  of  the  cost  of  said 
improvement  imder  a  subsequent  appropriation  by  the  State. 
Said  work  must  be  done  under  the  supervision  of  the  State  high- 
way department  and  must  not  exceed  an  amoimt  designated  by 
said  department. 

The  mamtenance  of  trunk-line  roads  is  paid  for  entirely  by 
the  State,  while  the  maintenance  of  State  roads  other  than  those 
on  the  trunk  lines  is  borne  by  the  State  and  town  in  the  ratio 
of  three-fourths  and  one-fourth  respectively.  All  moneys  re- 
ceived by  the  State  from  automobile  licenses  and  fines  are  ap- 
pUed  for  road  maintenance.  A  law  of  1915  directs  the  highway 
contmiissioner  to  erect  and  maintain  uniform  direction  and  dan- 
ger signs  on  trunk  Ime  highways. 

A  law  of  1915  provides  that  the  highway  commissioner  may  pe- 
tition the  pubUc  utilities  commission  for  authority  to  eliminate 
dangerous  conditions  on  trunk  line  highwa3rs.  This  is  a  distinct 
departure  from  the  previous  policy  of  the  State. 

Local  Road  Legislation 

Local  road  work  is  under  the  board  of  selectmen  of  each  town, 
selected  annually.  If  they  refuse  or  neglect  to  maintain  the 
roads,  the  board  of  county  commissioners  may  order  the  work 
done,  when  petitioned  to  do  so. 

Bridges 

The  legislature  of  1915  passed  a  law  which  places  imder  the 
jurisdiction  of  the  highway  department  all  trunk  line  highway 
bridges  having  a  span  greater  than  25  feet,  whether  these  bridges 
are  located  on  improved  sections  of  road  or  not.  When  bridges 
are  between  two  towns  or  two  counties,  the  State  pays  half  of 
the  cost  and  the  two  towns  or  counties  the  other  half.  When  any 
lines  of  an  electric  street  railway  company  cross  such  bridge,  the 
expense  is  divided  one-third  by  the  State,  one-third  by  the  rail- 
way company  and  one-third  by  the  town  or  towns. 

A  law  of  1915  directs  the  highway  commissioner  to  investigate 
the  condition  of  all  bridges  having  a  span  greater  than  25  feet  on 
trunk  line  highways  and  to  file  a  report  with  the  General  Assem- 
bly of  1917. 

Aviomobile  Registration 

Annual  registration  with  the  secretary  of  State  is  required. 
Registration  fees  are  as  follows: 

Automobiles,  50  cents  per  horse  power;  motor  vehicles,  $2;  reg- 
istration of  all  motor  vehicles  owned  by  a  dealer  in  automobiles 


74 


AMBRICAN  HIGHWAY  ASSOCIATION 


and  motor  trucks,  $50;  registration  of  all  motor  vehicles  owned 
by  a  dealer  in  motorcycles,  $10;  substitution  of  the  registration 
of  a  motor  vehicle,  except  a  motorcycle,  previously  registered,  $1 ; 
substitution  of  the  registration  of  a  motorcycle,  50  cents;  for  each 
motor  vehicle  engine  owned  by  a  manufacturer  of  motor  vehicles 
and  tested  or  operated  on  the  highways  of  this  State,  $1;  mini- 
mum charge  to  any  manufacturer,  $25. 
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Highway  OffiddU 

State  hiehway  commissioner,  Charles  J.  Bennett,  Hartford; 
deputy  hi^way  conmiissioner,  Richard  L.  Saunders,  Hartford; 
superintendent  of  repairs,  W.  LeRoy  Ulrich,  Hartford;  chidf 
clerk,  Clinton  G.  Nichols,  Hartford;  division  engineers:  Robert 
S.  Hulbert,  Winsted;  Ehner  C.  Welden,  New  Haven;  Carrol  A. 
Campbell,  Middletown;  George  E.  Smith,  New  MQford,  Arthur 
W.  Bushdl,  Norwich;  Robert  W.  Stevens,  Hartford. 

Progress  Report 

During  the  year  ending  September  30,  1916,  e3q)enditures  for 
road  work  have  been  as  follows:  State  aid  construction,  $141,- 
528.40;  trunk  line  construction,  $181,554.30;  maintenance  and 
reconstruction,  trunk  line  roads,  $1,136,262.70;  maintenance  and 
reconstruction,  state  aid  roads,  $178,765.68. 

The  appropriation  for  1916  for  the  maintenance  of  State  aid 
roads  was  $150,000  and  for  the  maintenance  and  reconstruction 
of  trunk  line  highways  $500,000  plus  automobile  receipts  amount- 
ing to  $768,727.91. 

Ikpptoyd  by  CuMTON  G.  NmoLa,  Chief  Cbric,  State  EUfihway  Commiadon.] 
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DELAWARE 

State  Aid  LegislaUon 

There  are  three  counties  in  the  State  one  of  which,  New  Caatle 
County,  has  a  State  highway  commissioner  for  the  county,  ap- 
pointed by  the  governor. 

Local  Road  Legislation 

Jurisdiction  over  the  local  roads  in  New  Castle  and  Kent 
Counties  vests  in  the  county  courts,  called  levy  courts,  which 
appoint  the  county  road  engineers.  In  Siissex  County  a  com- 
mission of  three  members  have  charge  of  roads.  State  wide-tire 
legislation  is  only  operative  where  thie  county  courts  have 
adopted  it.  A  rebate  from  property  road  taxes  is  granted  to 
those  complying  with  the  wide-tire  law. 

Convict  Labor  Laws 

In  the  counties  of  Kent  and  Sussex,  vagrants  and  minor  crimi- 
nals may  be  sentenced  to  hard  work  on  the  county  roads. 

In  New  Castie  County,  the  levy  court  is  empowered  to  arraap 
for  empli^ying  any  of  the  able  bodied  convicts  on  the  public  roads. 

Automobile  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  Motor  cycles,  $3;  all 
other  motor  vehicles,  $5;  operators,  including  owners,  15;  manu- 
facturers and  dealers,  for  each  car  demonstrated  on  the  roads,  S6. 

Registration  revenues  are  credited  to  the  general  fund  of  iht 
State  treasury. 

Highway  Officials 

New  CasUe  County  Levy  Court. — ^T.  S.  Fouracre,  Middletown, 

President;  R.  M.  Bums,  Wilmington;  W.  T.  Purks,  Wilmington; 
.  C.  Elliott,  Wilmington;  B.  A.  Groves,  Marshallton;  J.  G.  Shaw, 
New  Castle;  J.  A.  Buckson,  Blackbird. 

New   Castle   County   State   highway   commissioner,    James 
Wilson,  who  is  a  State  official,  and  has  charge  of  the  building  of 
improved  roads  and  is  also  county  engineer. 
Kent  County. — ^W.  Hart  Scott,  county  engineer,  Dover. 
Sussex  County  Commission. — ^W.  E.  Vi^dant,  Laurel;  F.  W. 
HoUoway,  Millville;  W.  J.  Mustard,  Georgetown. 

lAppiOTsd  by  Jamm  Wnjoir,  State  Hithimy  OonuniakiiMr J 
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DISTRICT  OF  COLUMBIA 

Control  of  Roads 

The  commissioners  forward  to  congress,  through  the  secre- 
tary of  the  treasury,  estimates  of  proposed  expenditures  for  each 
fiscal  year  ending  June  30.  To  the  extent  to  which  these  esti- 
mates are  approved,  inasmuch  as  the  National  government  owns 
fully  one-hall  in  value  of  the  property  in  the  District,  congress 
appropriates  50  per  cent,  and  a  like  proportion  is  paid  from  the 
District  revenues. 

AtUomobile  Registration 

Regulations  provide  for  registration  with  automobile  board. 
Schedule  of  fees  is  as  follows:  All  motor  vehicles,  r^istration, 
$2;  operators,  including  owners,  $2;  dealer's  license  for  each 
machine  demonstrated,  $2. 

Progress  Report 

The  extent  of  streets  and  roads  in  the  District  on  June  30, 
1914,  and  June  30,  1915,  was: 

1915  191$ 

Pavemtftiit  tnUis  mika 

Aflphalt 154.54  159 .42 

Aaphalt  block 30.17  30.59 

Granite  block 25.24  23.93 

Cobble 3 .  98  3 .31 

Vitrified  block 1.34  1.34 

Bituminous  concrete 7.26  7 .26 

Cement  concrete 3.00  3.75 

Bituminous  macadam 4 .36  4 .36 

Waterbound  macadam 118.98  118.42 

Gravel  and  dirt  roads 161.42  161 .81 

Total 610.19       613.69 

Highway  Officials 

Engineer  Commissioner  in  charge  of  all  public  work,  Col. 
C.  W.  Kutz,  U.  S.  A.;  surface  division  is  in  charge  of  Capt. 
J.  J.  Loving,  U.  S.  A.,  assistant  to  the  engineer  commissioners- 
engineer  of  highways,  C.  B.  Hunt. 

Road  Funds 

About  $440,160  is  available  for  the  current  fiscal  year  for  con- 
struction and  maintenance  of  suburban  roads. 
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FLORIDA 

State  Aid  Legislation 

A  State  road  department,  created  by  the  legislature  of  1915, 
was  organized  October  15,  1915,  consisting  of  five  members,  who 
will  serve  47year  terms,  except  for  three  of  the  first  members. 
They  receive  no  compensation,  but  are  paid  their  actual  expenses. 
The  headquarters  of  the  department  is  in  Tallahassee,  Florida. 
The  State  does  not  grant  financial  aid  to  road  construction. 

The  State  road  department  is  authorized  to  employ  a  State 
road  commissioner,  who  is  required  to  be  ''a  competent  and  ef- 
ficient road  builder  and  well  versed  in  the  building  of  good  roads. " 
He  is  required  to  visit  the  several  coimties  and  inspect  their 
roads  and  methods  of  construction.  Where  county  conmiissioners 
request  the  advice  of  the  department  in  the  construction  or  repair 
of  roads,  the  department  is  required  to  send  the  road  commis- 
sioner or  an  assistant  into  the  county  to  render  all  assistance 
practicable,  without  expense  to  the  county. 

The  law  creating  the  department  provides:  ''In  all  cases 
where  the  department  shall  learn  that  road  repair  or  construction 
work  is  being  improperly  or  extravagantly  done,  or  improper  or 
inferior  materials  are  being  used  in  such  work,  in  any  county,  so 
as  to  cause  a  loss  or  waste  of  pubUc  funds,  it  shall  be  the  duty  of 
the  department  to  notify  the  county  commissioners  of  the  same, 
and  point  out  to  them  the  defects  discovered,  and  if,  after  such 
notice  is  given,  the  coimty  commissioners  continue  in  the  use  of 
such  improper  methods  or  materials,  the  matter  shall  be  reported 
to  the  governor  by  the  department." 

The  department  is  maintained  by  a  special  fund  derived  from 
15  per  cent  of  all  county  licenses  upon  automobiles  and  other 
motor-driven  vehicles,  this  amount  being  remitted  by  the  coun- 
ties to  the  State  treasurer. 

Local  Road  Legislation 

Jurisdiction  over  roads  vests  in  elected  boards  of  coimty  com- 
missioners, who  appoint  three  road  trustees  annually  for  each  road 
district.  ^  Road  taxes  may  be  worked  out.  Special  road  and 
bridge  districts  may  be  created  by  election,  but  the  special  taxes 
are  levied  and  collected  by  the  coimty  boards.  When  the  electors 
vote  to  make  their  road  district  a  special  tax  district,  they  elect 
at  the  same  time  three  trustees  to  supervise  the  road  work. 

Wide-tire  ordinances  are  operative  only  where  adopted  by 
county  officials. 

Local  Bond  Legislaiion 

Upon  a  petition  of  25  per  cent  or  more  of  the  registered  voters 
or  freeholders  residing  in  any  territory  embraced  wholly  or  in  part 
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in  one  or  more  road  districts,  praying  that  this  territory  shall 
constitute  a  special  road  and  bridge  district  for  the  purpose  of 
improving  roads  and  bridges  therein  by  the  levy  and  collection 
of  special  road  and  bridge  taxes  or  by  the  issue  and  sale  of  bonds, 
the  Doard  of  county  commissioners  shall  order  an  election  thereon, 
and  a  favorable  majority  vote  shall  be  necessary  to  authorize  this 
arrangement.  If,  at  this  election,  bonds  are  authorized  to  pay  for 
such  improvement,  the  board  of  county  commissioners  shaJl  issue 
and  sell  these  bonds  and  levy  an  annual  tax  to  pay  the  interest 
and  create  a  sinking  fund  for  their  redemption. 

Canvid  Lobar  Laws 

The  county  commissioners  may  employ  all  convicts  in  jail  un- 
der sentence  for  crime  at  labor  upon  the  streets  of  cities  and  towns 
or  upon  roads,  bridges  and  public  works;  or  the  board  may  hire 
out  convicts.  Colored  male  State  prisoners  are  subject  to  road 
work  if  leased  to  the  boards  of  county  commissioners  of  the  vari- 
ous cotmties,  who,  under  Acts  of  1913  and  1915,  have  the  prefer- 
ence over  private  lessees.  First-grade  prisoners  (that  is,  able- 
bodied  men)  are  leased  to  the  counties  at  the  rate  of  $10  per 
month^  and  third-grade  prisoners  at  the  rate  of  II  per  month. 
By  third-grade  prisoners  is  meant  those  whose  physical  condi- 
tion does  not  permit  them  to  work  in  a  turpentine  camp,  but  who 
are  capable  of  performing  reasonable  labor  on  the  public  roads; 
it  also  includes  all  able-bodied  colored  male  State  prisoners  who 
have  actually  served  10  years  or  more  of  their  sentence. 

Aviomobile  RegistraJtion 

The  license  fees  for  motor  cars  and  trucks,  established  by  an 
Act  of  1915,  are  based  upon  the  seating  or  carrying  capacity  of 
the  vehicle,  as  follows : 
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AU  motor  cycles  pay  a  license  of  $2. 
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Highway  Officials 

Ed.  Scott;  Arcadia,  chairman;  F.  O.  Miller,  Jacksonville;  W.  J. 
Hillman,  Live  Oak;  J.  D.  Smith,  Marianna;  M.  M.  Smith,  Or- 
lando; secretary,  J.  D.  Smith;  Wm.  F.  Cocke,  Commissioner;  J.  P. 
Clarkson,  ChidT  Clerk. 

There  are  no  civil  service  regulations  applicable  to  road  officials. 

Progress  Report 

Road  construction  by  counties  has  been  very  active  recently, 
about  $11,000,000  having  been  raised  for  the  purpose  by  bond 
issues.    During  1916  about  800  miles  were  improved. 

Road  Funds 

For  1917  it  is  estimated  that  S2,623,000  will  be  available  from 
county  and  road  district  bond  issues,  $1,500,000  from  taxes,  and 
$168,000  from  Federal  aid  road  fimds,  making  a  total  of  $4,291,000. 

[Ai»prov«d  by  Wm.  F.  CookIi  State  Hichway  CommiHionar.] 


GEORGIA 

State  Aid  Legislation 

Georgia  gives  no  State  funds  for  road  work,  but  State  convicts 
are  employed  on  county  roads,  as  explained  hereafter.  A  State 
highway  department  was  established  in  1916  to  meet  the  require- 
ments of  the  Federal  Aid  Road  Law,  and  adopted  shortly  after 
organization  a  five-year  program  of  road  construction,  contem- 
plating an  expenditure  of  about  $8,000,000  on  5500  miles  of  road. 

Local  Road  Legislation 

Jurisdiction  over  roads  vests  in  elected  boards  of  county  com- 
missioners. The  counties  are  divided  into  districts,  and  road 
supervisors  in  each  are  appointed  at  the  discretion  of  the  coimty 
commissioners.  Road  poll  taxes  are  sometimes  worked  out,  but 
usually  are  commuted. 

Convict  Labor  Laws 

Convicts  guilty  of  misdemeanors  may  be  sentenced  to  work  in 
the  chain-gang  of  the  county.  All  felony  convicts  except  such  as 
are  required  by  law  to  be  kept  at  the  State  farm  may  be  employed 
in  the  several  counties.  On  or  before  February  10  annually,  the 
prison  commission  shall  communicate  with  the  county  authorities 
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and  ascertain  those  counties  desiring  to  use  convict  labor.  Con- 
victs shall  be  apportioned  according  to  public  road  mileage.  In 
1916,  about  7000  convicts  were  used  on  road  work. 

Highway  Officials 

The  State  highway  department  consists  of  the  State  prison 
conmiission,  which  has  authority  to  employ  engineers,  the  State 
geologist,  the  dean  of  the  college  of  civil  engineering  of  the  State 
University  and  the  professor  of  highway  engineering  of  the  Georgia 
School  of  Technology.  They  serve  without  additional  compen- 
sation. The  members  are  Judge  T.  E.  Patterson,  chairman,  E. 
L.  Rainey,  R.  E.  Davison,  Dr.  S.  W.  McCallie,  Prof.  C.  M. 
Strahan  and  Prof.  R.  D.  Kneale.  The  secretary  is  G.  H.  Yancey 
and  the  offices  are  at  the  State  capitol,  Atlanta. 

AiUomobile  Registraiion 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  Registration  fee  for  all  motor  vehicles  is  $5.  The  net 
revenue  from  registration  is  paid  into  the  State  treasury  and 
kept  as  a  separate  fund.  The  said  fimd  is  apportioned  to  the 
several  counties  in  the  State  in  proportion  to  the  number  of  miles 
of  rural  mail  route  in  such  counties. 

County  commissioners  or  ordinaries  are  required  to  ascertain 
by  actusd  measurement  the  mileage  of  rural  mail  routes  traveled 
in  the  county  and  to  report  same  to  the  secretary  of  state.  Any 
county  misrepresenting  the  facts,  or  in  which  as  many  as  10 
per  cent  of  the  motor  vehicles  therein  are  not  returned  for  tax- 
ation, shall  forfeit  its  right  to  share  in  the  distribution  of  said 
fund  for  that  year.  (Act  No.  478,  Laws,  1910,  as  amended  by 
Act  of  August  19,  1913;  Act  No.  431,  Laws  1914.) 

Progress  Report 

The  following  data  regarding  roads  in  1914  were  collected  by 
the  State  Geological  Survey  and  the  U.  S.  Office  of  Public  Roads 
and  Rural  Engineering  in  1915:  Total  mileage  of  public  roads, 
99,606;  miles  of  sand-clay  and  top-soil  roads,  11,9^;  macadam 
roads,  321;  chert  and  gravel  roads,  1173;  other  surfaced  roads, 
167;  improved  earth  roads,  38,268;  tmimproved  earth  roads, 
47,754. 

In  1914  the  total  revenue  for  Georgia  roads  and  bridges  was 
$6,342,377,  made  up  of  the  conunutation  tax  of  $708,285,  the 
property  tax  of  $2,827,353;  the  automobile  license  fund  of  $92,739, 
bond  issues  of  $68,000,  and  $2,646,000  of  convict  labor,  estimated 
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at  $1.25  per  day.    This  is  equivalent  to  about  $63.67  per  mile 
of  public  roads  or  $2.43  per  capita. 

In  1915  about  $4,000,000  was  spent  on  roads  and  bridges,  and 
in  1916  about  $5,000,000. 

Rood  Funds 

The  plans  for  the  road  work  under  the  State  highway  depart- 
ment provide  for  an  expenditure  in  1917  of  $134,31^.48  of  federal 
aid  road  money  and  about  the  same  sum  from  county  funds.  The 
total  expenditures  on  roads  and  bridges  in  1917  are  expected  to 
exce^  $5,000,000. 

lAppiovtd  by  Prof.  C.  M.  Stbaban,  Member  State  Hicbway  Department.} 

HAWAII 

State  Aid 

The  territory  of  Hawaii  has  done  considerable  construction  of 
roads  since  1911,  through  conmiissions  appointed  by  the  governor 
in  each  county.  It  has  also  constructed  roads  in  opening  up 
tracts  of  land  for  homesteads.  All  other  roads  are  under  the 
jurisdiction  of  the  five  counties. 

Road  Funds 

There  is  a  vehicle  tax  of  $1  on  bicycles,  $2  to  $5  on  carriages 
and  carts,  and  1  cent  a  pound  on  automobiles,  aU  paid  into  the 
county  road  fund.    There  is  also  a  road  poll  tax  of  $2. 

During  the  year  evading  June  30,  1916,  the  department  of 
public  works  paid  $10,145  on  contracts  carried  forward  from  the 
previous  year  and  $27,753  on  contracts  made  during  the  current 
year  and  for  road  supplies,  and  had  liabilities  of  $53,913  on  unfin- 
ished contracts.  Contracts  amounting  to  $43,763  were  imder 
way  for  local  commissions.  Some  work  has  been  done  by 
prisoners. 

OfficidU 

Governor,  L.  E.  Pinkham;  superintendent  of  public  works,  C. 
R.  Forbes;  engineer,  W.  C.  Woodward.    Offices,  Honolulu. 

IDAHO 

Stale  Aid  Legislation 

The  original  highway  department  was  created  by  the  1913  leg- 
islature. The  1915  legislature  passed  a  bill  recreating  the  State 
highway  department.  The  State  highway  commission  now  con- 
sists of  three  members,  two  of  whom  are  civilian  members  ap- 
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pointed  by  the  governor,  and  the  third  member  is  the  secretary  of 
State,  who  is  ex-officio  secretary  of  the  commission.  The  engi- 
neering department  is  under  the  direction  of  a  State  highway  en- 
gineer appointed  by  the  commission.  The  construction  work  is 
carried  on  by  the  State  in  conjunction  with  the  coimties  and 
highway  districts.  In  all  counties,  and  in  highway  districts  with 
an  assessed  valuation  of  over  $1,000,000,  the  State  pays  one-third 
the  cost  of  highway  construction,  and  the  county  or  highway  dis- 
trict the  balance.  Where  the  assessed  valuation  of  a  highway 
district  is  less  than  $1,000,000,  the  cost  of  construction  is  divided 
equally  between  the  State  alid  highway  district.  AH  contracts 
are  let  by  the  State  highway  commission  and  the  work  is  do|ie 
under  the  direction  of  the  State  highway  engineer.  After  the 
completion  of  the  roads,  they  are  maintained  at  the  expense  of 
the  State. 

« 

Local  Road  Legislation 

Jurisdiction  of  roads  vests  in  boards  of  county  commissioners, 
elected,  who  divide  their  counties  into  districts  and  appoint  one 
or  more  overseers  for  each. 

The  wide-tire  law  is  operative  unless  suspended  by  a  county 
board. 

Bond  LegislaUon 

There  are  in  Idaho  two  classes  of  road  districts  that  are  author- 
ized by  law  and  may  issue  bonds.  Since  1905  it  has  been  lawful 
for  any  portion  of  a  county  containing  twenty-five  or  more  resident 
taxpayers,  by  a  majority  vote  of  the  resident  freeholders  at  an 
election  ordered  by  the  county  board  of  conunissioners  and  peti- 
tioned for  by  a  majority  of  the  freeholders,  to  organize  and  become 
a  good  roads  district.  Three  good  roads  commissioners  are  also 
chosen  at  this  election,  who  are  authorized,  with  the  consent  of 
two-thirds  of  the  qualified  freeholders  expressed  at  an  election,  to 
issue  bonds  in  any  amount  not  exceeding  25  per  cent  of  the  assessed 
real  property  valuation  in  the  district,  and  the  proceeds  must  be 
used  exclusively  for  road  piuposes.  These  bonds  shall  bear  int-erest 
not  to  exceed  6  per  cent,  shall  rim  for  not  more  than  twenty  years, 
and  shall  not  be  sold  for  less  than  par. 

Under  an  act  of  1911,  fifty  or  more  freeholders  of  lands  wholly 
within  a  county  aggregating  20,000  acres  or  consisting  of  less 
contiguous  territory  that  has  an  assessed  valuation  of  $1,000,000, 
provided  that  these  freeholders  own  at  least  10  per  cent  of  aJl  the 
property  in  the  proposed  district,  or  a  number  of  resident  free- 
holders equal  to  20  per  cent  of  the  last  vote  cast  for  governor  may 
petition  the  county  board  of  commissioners  for  an  election  at  which 
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the  majority  vote  decides.  If  the  vote  is  favorable,  a  highway  dis- 
trict is  organized  with  three  highway  commissioners,  with  terms 
of  four  years  each,  and  the  first  of  these  commissioners  are  appointed 
by  the  governor,  while  their  successors  are  elected.  The  commis- 
sioners constitute  a  hi^way  board  and  have  authority  by  resolution 
to  issue  coupon  bondb  for  road  purposes  at  not  exceeding  6  per 
cent  interest,  and  payable  within  twenty  years  by  sinking  fund 

Kovided  therefor.  If  these  bonds  increase  the  outstanding 
nded  debt  of  the  district,  the  resolution  shall  provide  for  an 
•lection,  and  a  two-third  vote  is  necessary  to  carry  the  election. 
In  highway  districts  the  amount  of  the  bond  issue  shall  not  exceed 
10  per  cent  of  the  assessed  valuation  of  all  property  in  the  district. 
A  good  roads  district  may  become  a  highway  district  in  the 
same  manner  as  any  unorganized  territory. 

Coiwict  Labor  Laws 

The  highway  commission  is  authorized  to  make  requisition  upon 
the  warden  of  the  State  penitentiary  for  convicts  for  road  labor, 
subject  to  such  rules  and  regulations  as  the  board  of  prison  com- 
missioners shall  prescribe.  The  warden  and  prison  commission 
shall  assign  such  prisoners  as  they  deem  phymcally  able  and  at 
the  same  time  reasonably  safe  to  work  on  the  State  roads  under 
the  general  direction  of  the  highway  commission,  and  the  prisoners 
shall  be  paid  $5.00  monthly  for  their  services. 

Automobile  Regisiraiion 

The  law  provides  for  annual  registration  with  the  secretary 
of  the  State  highway  commission.  The  schedule  of  fees  is  as 
follows:  30  h.p.  or  less,  $15;  31  to  40  h.p.,  $20;  41  to  50  h.p.,  $25; 
51  h.p.  and  over,  $40.00;  motor  cycles,  $5.00;  dealers  and  manufac- 
turers, $36;  chauffeurs,  $2. 

Motor  vehicle  licenses  are  collected  by  the  assessors  of  the  vari- 
ous counties.  The  counties  retain  75  per  cent  of  the  fees  to  be 
used  on  the  county  roads,  after  deducting  enough  to  pay  the 
interest  on  any  road  bonds  which  may  be  outstanding.  The 
remaining  25  per  cent  is  forwarded  to  the  State  treasurer  who  de- 
ducts 10  per  cent  of  this  amount  to  pay  the  interest  on  outstand- 
ing State  highway  bonds,  and  the  balance  is  used  for  State  high- 
way maintenance. 

Highway  Officials 

The  State  highway  commission  consists  of  W.  A.  Brodhead, 
chairman;  E.  A.  Van Sicklin,  vice-chairman,  and  W.  T.  Dougherty, 
ex-officio,  secretary.  The  State  highway  engineer  is  E.  M.  Booth, 
Boise. 
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Progress  Report 

During  1916  the  grading  work  on  about  200  miles  of  State 
highwa3n3  was  completed;  and  a  large  amount  of  work  is  con- 
templated for  1917.  About  35  miles  of  sand-clay  and  gravel 
surfacing  was  done  in  1916.  This  work  involved  the  expenditure 
of  approximately  $450,000. 

Road  Funds 

No  funds  for  State  highway  construction  are  now  available, 
the  revenue  from  the  motor  vehicle  Ucense  tax  being  barely 
sufiBicient  for  maintenance  purposes.  The  highway  commission 
has  recommended  that  the  1917  session  of  the  legislature  provide 
(1,500,000  for  State  highway  construction  during  1917  and  1918, 
and  make  use  of  all  Federal  aid  funds  allotted  to  the  State. 

[Approved  by  E.  M.  Boors,  State  Highway  EnpaMr.] 


ILLINOIS 

State  Aid  LegidoHon 

All  roads  or  bridges  built,  repaired  or  improved  at  the  joint 
expense  of  the  State  and  one  or  more  counties  are  termed  ''State 
Aid  Roads"  and  the  money  appropriated  by  the  State  for  such 
purposes  is  termed  the  ''State  Road  and  Bridge  Fund."  A  State 
highway  commission  of  three  members,  one  appointed  by  the 
governor  every  two  years  and  each  serving  six  years,  has  general 
supervision  of  State  aid  roads,  prescribes  the  regulations  govern* 
ing  the  State  highway  employes  and  the  county  Ughway  superin- 
tendents, aids  l£e  coimty  hi^way  superintendents  and  town  and 
district  highway  commissioners  in  establishing  grades  and  drain- 
age systems  and  the  general  construction  and  maintenance  of 
roads  and  bridges,  studies  the  various  methods  of  meeting  the 
road  and  bridge  requirements  of  all  parts  of  the  State,  has  the 
final  approval  of  final  plans,  specifications  and  estimates  of  State 
aid  roads,  and  lets  all  contracts  for  their  construction  or  improve- 
ment. 

The  administrative  and  technical  agents  of  the  commission  are 
a  chief  State  highway  engineer  and  an  assistant  State  highway 
engineer,  appointed  by  the  governor  for  a  6-year  term.  They 
also  act  as  technical  advisers  to  county,  township  or  road  district 
officials. 

The  State  pays  one-half  the  cost  of  State  aid  roads  and  the 
counties  the  other  half.    A  majority  of  the  entire  county  board 
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may  specify  the  type  of  construction  of  a  road  built  under  the 
State  aid  laws,  ''which  decision  shall  be  final  and  not  subject  to 
change  by  the  State  highway  commission,  whether  of  permanent 
earth  improvement  (including  surface  or  sub-surface  drainage, 
grading,  leveling  and  crowning),  gravel,  macadam,  concrete,  con- 
crete and  macadam  combined,  or  brick.  The  final  decision  must 
not  be  made  until  the  board  has  obtained  from  the  State  highway 
conmiission  detailed  estimates  of  the  cost  of  the  different  types  and 
has  published  them  in  two  county  newspapers.  In  case  a  board 
cannot  agree  on  a  type  of  construction  or  does  not  care  to  choose, 
the  State  highway  commission  specifies  the  t3rpe.  When  a  type 
has  been  selected  it  "shall  be  adhered  to  throughout  the  entire 
length  of  such  road,  that  is,  from  one  main  objective  or  connect- 
ing point  to  another  within  the  coimty."  The  State  and  county 
may,  however,  jointly  change  an  earth,  gravel  or  macadam  type 
of  road  to  a  more  permanent  one  at  any  time.  One-half  the 
maintenance  expense  of  a  gravel  or  macadam  State  road  must 
be  paid  by  the  county  and  the  entire  maintenance  e3q)en8e  of  an 
earth  road. 

In  preparing  estimates,  the  State  highway  conmiission  may 
require  to  be  included  the  value  of  any  materials  or  the  fair 
rental  of  any  equipment  which  the  State  is  to  furnish.  The 
State  highway  engineer  may  call  upon  county  highway  superin- 
tendents for  aid  in  preparing  the  plans,  specifications  and  esti- 
mates. The  estimates  must  include  cost  of  land  obtained  by  pri- 
vate agreement  or  condemnation  proceedings. 

No  contract  for  a  State  aid  road  can  be  signed  until  the  money 
to  pay  the  State's  half  of  the  cost  has  been  paid  into  the  State 
road  and  bridge  fund. 

Local  Road  Legislation 

In  each  county  there  is  a  coimty  highway  superintendent,  ap- 
pointed by  the  county  board  after  a  competitive  examination  for 
the  place  held  by  the  State  highway  commission,  preference  being 
given  to  a  resident  of  the  county.  No  part  of  the  State  road 
and  bridge  fund  may  be  apportioned  to  a  coimty  until  it  has  ap- 
pointed such  a  superintendent.  His  term  is  6  years  and  he  is 
regarded  as  a  deputy  to  the  State  highway  engineer.  In  case  the 
office  is  vacant  and  a  temporary  emergency  requires  some  qualified 
official  to  discharge  the  duties,  the  State  highway  engineer  may 
appoint  somebody  to  perform  tiiese  duties  temporarily. 

The  county  highway  superintendent  prepares  the  plans,  speci- 
fications and  estimates  for  all  county  bridges,  subject  to  their  final 
approval  by  the  State  highway  commission,  supervises  the  con- 
struction and  maintenance  of  all  roads  and  bridges  under  exdu- 
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sive  county  control  or  joint  county  and  town  or  district  control, 
makes  at  least  one  inspection  annually  of  each  road  or  bridge  in 
the  county,  and  as  many  more  as  the  State  highway  officials  direct, 
advises  the  town  or  district  highway  officials  on  the  maintenance 
and  improvement  of  roads  and  bridges,  and  supervises  the  main- 
tenance of  State  aid  roads  in  the  county  under  the  direction  of 
the  State  highway  commission. 

The  supervisors  of  a  coimty  under  township  organization  or 
the  commissioners  of  a  county  not  so  organised  had  the  original 
right  to  designate  the  roads  to  receive  State  aid.  These  were 
required  to  be  '*  as  nearly  as  possible  those  highways  connecting 
the  principal  cities  and  trading  points  in  each  coimty  with  each 
other,  and  also  with  the  principal  cities  and  trading  points  in 
other  counties.''  These  routes  were  then  examined  by  the  State 
highway  commission,  and  changes  desired  in  them  were  sub- 
mitted to  the  county  officials,  who  appeared  before  the  commis- 
sion, if  they  wished,  to  discuss  the  changes.  The  State  highway 
commission  made  the  final  selection  of  the  routes,  after  this  hear- 
ing. In  case  the  county  officials  failed  to  seleot  routes  within  6 
months  of  the  passage  of  the  law,  the  State  highway  commission 
was  authorized  to  make  the  choice. 

The  control  of  local  roads  is  exercised  in  two  ways.  In  coun- 
ties not  under  township  organization,  the  county  boards  divide 
the  territory  into  road  districts  which  are  the  local  administrative 
units  for  highway  purposes  exclusively.  In  counties  under  town- 
ship organization,  the  several  towns  have  authority  over  the 
roads.  In  either  case,  the  roads  are  in  charge  of  a  hi^way  com- 
mission of  three  members  serving  three-year  terms.  The  local 
road  tax  rate  of  a  town  or  district  is  determined  by  its  commis- 
sion annually.  Any  contract  for  construction,  machinery  or  ma- 
terials exceeding  $200  must  be  approved  by  the  county  highway 
superintendent.  One  of  the  unusual  requirements  of  the  law  makes 
it  the  commission's  duty  "to  prevent  thistles,  burdock,  cockle- 
burs,  mustard,  yellow-dock,  Indian  mallow  and  jimson  weed  from 
seeding,  and  to  extirpate  the  same  so  far  as  practicable."  Any 
town  or  road  district  may  substitute  by  vote  a  single  highway 
commission  for  a  board  of  three  commissioners. 

Road  Funds 

The  annual  allotment  of  State  road  funds  to  a  county  bears  the 
same  ratio  to  the  whole  appropriation  that  the  total  road  and 
bridge  tax  of  the  county  does  to  the  sum  of  such  taxes  in  all  coun- 
ties, except  in  counties  where  over  40  per  cent  of  the  total  amount 
appropriated  for  roads  by  the  legislature  is  collected,  including 
automobile  licenses,  the  allotment  of  State  funds  shall  equal  26 
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per  cent  of  the  amount  so  collected  in  each  of  the  counties.  State 
aid  is  not  permitted  to  exceed  half  the  cost  of  an  improvement. 
A  county  which  does  not  appropriate  within  6  months  of  the  date 
of  the  dtate  allotment  at  least  an  equal  sum,  forfeits  its  allotment, 
which  is  distributed  among  the  counties  fulfilling  the  law. 

If  a  county  desires  to  construct  a  State  aid  road  more  rapidly 
than  funds  can  be  provided  in  the  manner  just  indicated,  the 
law  authorizes  the  county  to  advance  the  necessary  fimds  and 
construct  the  road  at  any  time.  In  this  case,  any  allotment  of 
State  aid  funds  may  be  used  either  to  defray  half  the  cost  of  new 
roads  or  to  pay  off  county  bonds  or  other  obligations  issued  to 
construct  State  aid  roads  at  the  county's  expense,  provided  the 
total  State  aid  used  in  the  latter  way  does  not  exceed  half  the 
cost  of  constructing  such  roads,  which  must  comply  when  fin- 
ished with  tbe  plans,  specifications  and  estimates  of  the  State 
highway  engineer.  Bonds  so  issued  must  be  specifically  author- 
ized by  a  majority  vote  of  the  electors  and  must  mature  in  not 
less  than  10  nor  more  than  20  annual  series. 

There  is  an  annual  highway  poll  tax  of  $1  to  $3  in  each  town 
or  road  district,  payable  to  its  treasurer  by  every  able  bodied 
male  resident,  unless  this  form  of  taxation  for  local  roads  is  abol- 
ished by  vote  of  the  electors  of  the  town  or  district.  The  propertv 
tax  for  local  highway  purposes  must  not  exceed  61  cents  on  each 
$100  valuation  plus  an  allowance  of  not  over  20  cents  per  $100  to 
pay  for  property  damages  incident  to  road  improvements.  Towns 
and  road  districts  may  issue  bonds  to  pay  for  road  and  bridge 
improvements.  Not  less  than  $3  or  more  than  $5  per  mile  per 
annum  of  the  road  funds  of  a  town  or  road  district  must  be  used 
for  dragging  earth  roads. 

Convid  Labor  Laws 

Prior  to  1916,  convicts  were  not  worked  outside  prisons  except 
in  quarries  getting  out  rock  for  State  use.  Crushed  rock  and 
other  road  material  produced  by  convict  labor  is  furnished  free 
at  the  penitentiary  where  prepared  to  the  State  highway  com- 
mission for  permanent  road  improvements.  In  1915  convicts  were 
worked  on  local  roads  on  requisition  from  town  highway  com- 
missioners, a  charge  of  50  cents  per  man  per  day  being  made  for 
board.  Three  or  four  convict  camps  were  worked  and  about  25 
miles  of  macadam  road  constructed  by  them. 

Aulomobile  Registration  Laws 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.    The  schedule  of  fees  is  as  follows:  25  h.p.  or  less,  $4;  26 
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to  36  h.p.,  $6;  36  to  50  h.p.y  $8;  over  50  h.p.,  $10;  all  electric 
motor  vehicles,  $5;  motor  cycles,  $2;  manufacturers  and  dealers, 
$15;  chauffeur's  license,  original,  $5. 

Regbtration  revenues  are  paid  into  the  State  treasury  and 
credited  to  the  State  road  fimd  for  expenditure  only  in  the  con- 
struction of  permanent  roads.  Fines  and  forfeitures  are  paid  into 
the  treasury  of  the  road  district,  town  or  city  in  which  collected 
and  credited  to  the  road  fund.  (Chapter  No.  121,  Code  of  1912,  as 
amended  by  Act  of  June  28, 1913.) 

Highway  Officiala 

State  Highway  Cammiseian.-'A.  D.  Gash,  president;  S.  E.  Bradt, 
secretary;  James  P.Wilson.  Chief  State  highway  engineer,  Wm. 
W.  Marr;  assistant  State  highway  engineer,  P.  C.  McArdle,  on 
leave  of  absence  as  highway  engineer  of  Vermilion  county;  road 
engineer,  H.  E.  Bilger;  bridge  engineer,  C.  Older;  B.  H.  Piepmeier, 
maintenance  engineer;  F.  L.  Roman,  testing  engineer;  chief 
olerk,  J.  M.  McCoy. 

With  the  exception  of  the  State  highway  commission,  chief 
State  highway  engineer  and  assistant  State  highway  engineer, 
all  persons  employed  on  State  road  work  are  subject  to  the  Illi- 
nois civil  service  laws. 

Progress  Report 

Under  the  State  aid  system  which  became  operative  July  1, 
1913,  there  were  either  completed  or  awarded  up  to  January  1, 
1917,  458  miles  of  State  aid  roads.  Of  this  amoimt  there  are 
163  miles  of  Portland  cement  concrete;  58.2  miles  of  brick;  1.51 
miles  of  bituminous  concrete;  12.25  miles  of  bitimiinous  macadam; 
12.78  miles  of  waterbound  macadam;  26.53  miles  of  gravel;  102 
miles  of  oiled  earth;  75.8  miles  of  plain  earth  grading  and  5.97 
miles  of  bituminous  resurfacing.  The  total  cost  of  this  work  was 
$3,851,641.00.  In  addition  to  this,  there  have  been  either  built 
or  placed  under  contract  during  this  period  405  bridges  and 
culverts  at  a  cost  of  $248,752.00. 

Under  the  State  aid  system,  during  1916,  contracts  were 
awarded  for  282.47  miles  of  State  aid  roads.  Of  this  amoimt, 
there  are  15.54  miles  of  concrete  roads  10  feet  wide,  4.46  miles 
15  feet  wide,  15.97  miles  18  feet  wide,  and  3.55  miles  of  variable 
width;  8.91  miles  of  brick  roads  10  feet  wide,  2.84  miles  15  feet 
wide,  3.08  miles  18  feet  wide,  and  3.79  miles  of  variable  width; 
4.47  miles  of  bituminous  macadam  roads  10  feet  wide,  1.00  mile 
15  feet  wide,  and  1.36  miles  18  feet  wide;  5.45  miles  of  waterbound 
macadam  roads  10  feet  wide,  4.75  miles  15  feet  wide,  and  1.67 
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miles  of  variable  width;  11.45  miles  of  gravel  roads  10  feet  wide 
and  6.58  miles  15  feet  wide;  118.00  miles  of  oiled  earth;  65.75 
miles  of  plain  earth;  2.34  miles  of  variable  width  bituminous 
macadam  resurfaced  roads,  and  1.51  miles  of  variable  width  bi- 
tuminous concrete  roads;  and  92  State  aid  bridges.  The  total 
contract  price  of  this  work  is  $1,684,526.00. 

Under  a  section  of  the  State  aid  law  which  permits  the  coimties 
of  the  State  anticipating  State  aid  allotments  by  issuing  bonds 
or  by  a  special,  direct  tax,  plans  and  contracts  have  been  approved 
for  237.8  miles  of  construction.  Under  this  section  of  the  law, 
the  counties  pay  the  entire  first  cost  of  construction  and  are  later 
repaid  one-half  the  construction  cost  from  the  State  aid  allotments 
as  made.  Of  this  mileage,  there  were  10.43  miles  of  asphaltic 
concrete;  43.74  miles  of  Portland  cement  concrete;  2.84  miles  of 
brick;  7.65  miles  of  bituminous  macadam;  58.2  miles  of  10  foot 
brick  with  3  foot  macadam  shoulders  on  each  side  and  114.96 
miles  of  10  foot  Portland  cement  concrete  with  3  foot  macadam 
shoulders  on  each  side. 

Road  Funds 

The  1913  legislature  appropriated  $400,000  for  1914  and 
$700,000  for  1915  and  like  amounts  were  raised  by  the  coimties. 
The  1915  legislature  appropriated  $1,000,000  for  ihe  year  begin- 
ning July  1,  1915  and  $1,000,000  for  the  year  beginning  July  1, 
1916.  Of  these  amounts,  $10,000  was  set  aside  each  year  for 
maintenance. 

Cook  County  has  issued  $2,000,000  in  road  bonds;  Vermilion 
County  has  $1,500,000  and  Williamson  County  has  raised  $270,000 
while  several  other  coimties  have  raised  amounts  var3ring  from 
$5,000  to  $50,000  for  construction  purposes.  There  were  some 
forty  counties  contemplating  bond  issues  for  road  improvement 
early  in  1917. 

lAppzored  by  W.  W.  Marb,  Chief  State  Highway  Enginaar.) 

INDIANA 

State  Aid  Legidatum 

The  State  has  no  highway  department  and  does  not  grant 
aid  in  any  form  toward  road  constructiob  and  maintenance. 

At  the  time  of  goin^  to  press  the  legislature  was  considering 
biUa  creating  a  State  highway  department. 

Local  Road  Legislation 

Three  county  commissioners  in  each  county,  one  commissioner 
elected  in  November  of  each  year,  have  supervision  over  roads. 
They  are  also  ex-officio  a  board  of  directors  for  all  free  gravel, 
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maoadam  and  turn  pike  roads  and  shall  appoint  a  county  high- 
way superintendent  for  2  years.  They  also  appoint  superintend- 
ents of  construction  for  gravel  roads  built  by  assessment  of 
contiguous  property. 

Boards  of  township  trustees  elected  in  November  every  four 
years  divide  the  township  into  road  districts  and  a  supervisor  is 
elected  every  odd  year  in  December  in  each  road  district. 

The  county  highway  superintendent  shall  appoint  assistant 
superintendents  not  to  exceed  four  for  each  100  miles  of  road. 
The  county  highway  superintendent  shall  have  general  supervision 
of  the  maintenance  and  repair  of  all  county  highways,  bridges  and 
culverts. 

Bond  Legislation 

County  commissioners  are  authorized,  when  requested  by  a 
petition  signed  by  fifty  freeholders,  to  grade,  drain  and  pave  with 
''stone,  gravel  or  other  road  paving  material"  new  or  existing  high- 
ways in  any  township  or  on  the  line  dividing  two  or  more  town- 
ships, and  to  issue  4}  per  cent  township  bonds  not  to  exceed  the 
contract  price  of  the  improvements,  nor  in  excess  of  4  per  cent 
of  the  assessed  valuation  of  the  townships  including  bonds 
already  issued.  The  bonds  must  be  in  denominations  not  less 
thsn  $50  and  payable  in  semiannual  series  in  not  less  than  ten  nor 
more  than  twenty  years.  The  bonds  are  retired  by  an  annual 
tax  levied  by  the  commissioners  on  all  the  property  of  the  town- 
ships affected.  Complete  plans  and  specifications  for  all  improve- 
ments are  made  before  the  election  is  ordered  by  a  competent  civil 
engineer  and  two  viewers  appointed  by  the  commissioners. 

For  the  same  purposes  as  above,  gravel  road  assessment  bonds 
rna^Y  be  issued  by  county  commissioners  when  petitioned  by  a 
majority  of  the  resident  landowners  within  one  mile  of  the  proposed 
improvement.  The  bonds  are  paid  off  by  assessment  upon  the 
property  in  proportion  to  the  benefits  derived  from  the  improve- 
ment. 

For  the  purchase  of  toll  roads,  the  county  commissioners  may  issue 
bonds  not  exceeding  4  per  cent  of  the  payable  assessed  valuation 
in  annual  series  for  not  more  than  twenty  years,  and  bearing  interest 
not  exceeding  6  per  cent. 

All  highway  bonds  bearing  interest  not  exceeding  4|  per  cent 
are  exempt  from  taxation. 

Convid  Labor  Laws 

The  managing  boards  of  the  State  reformatory  and  State  prison 
may,  wherever  there  is  no  work  for  the  inmates  within  the  prison, 
arrange  with  the  county  commissioners  or  township  trusteti  for 
workinc  the  eonvicta  on  the  roads. 
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Automobile  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  25  h.p.  or  less,  $5;  26 
to  40  h.p.,  $8;  41  to  50  h.p.,  $15;  over  50  h.p.,  $20;  electric  pleas- 
ure vehicles,  $3;  all  commercial  vehicles,  $5;  motor  cycles,  $2; 
manufacturers  and  dealers,  $25;  chauffeur's  license,  $2. 

The  net  registration  revenue  is  paid  into  the  State  treasury  and 
eredited  to  "a  road  fund"  which  shall  be  apportioned  to  the  several 
counties  on  January  1  and  July  1,  of  each  3rear.  Fines  and  for- 
feitures are  paid  into  the  State  treasury  and  credited  to  the  same 
fund  as  the  registration  revenues.    (Chapter  No.  300,  Laws  1913.) 

IOWA 

State  Aid  Legislation 

By  the  act  of  the  thirty-fifth  general  assembly,  a  State  high- 
way commission  was  created  in  Iowa  with  much  more  power  than 
the  former  commission.  Two  members  of  the  commission  are 
appointed  by  the  governor  from  opposite  political  parties  and 
tiie  dean  of  engineering  at  the  Iowa  State  College  is  the  third 
member. 

The  highwav  commission  is  charged  with  the  supervision  of 
the  road  and  bridge  work  of  the  State.  This  work  is  in  direct 
charge  of  the  county  and  township  officers  assisted  by  the  county 
highway  engineer.  The  township  officers  have  charge  of  con- 
struction and  maintenance  of  the  township  road  system  which 
embraces  about  85  per  cent  of  the  mileage  of  the  county.  The 
county  officers  build  all  bridges  and  culverts  and  have  charge 
of  the  county  road  system  made  up  of  those  roads  not  in  the 
township  system.  The  county  system,  made  up  of  those  roads 
which  connect  the  trading  points  and  the  adjoining  county 
systems  but  not  to  exceed  15  per  cent  of  the  entire  mileage  of 
any  county  are  the  main  traveled  roads  and  constitute  a  com- 
plete network  of  roads  covering  the  State. 

All  bridge  and  culvert  work  must  comply  with  the  highway 
commission  standards.  Contracts  for  single  structures  costing 
over  $2000  must  be  approved  by  the  highway  commission.    AU 

Elans  for  permanent  road  grading,  drainage,  and  surfacing  must 
e  approved  by  the  commission.    Standard  plans  and  profiles 
are  made  for  each  mile  of  road  so  improved. 

Local  Road  Legislation 

Jurisdiction  over  roads  vests  in  county  boards  of  supervisors 
and  in  township  trustees,  subject  to  general  supervision  by  the 
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State  highway  commission.  Road  taxes  are  worked  out.  A  re- 
bate of  part  of  the  property  road  taxes  is  granted  to  those  com- 
plying with  the  wide-tire  law. 

Conmct  Labor  Laws 

State  convicts  may  be  worked  at  stone  quarries,  and  the  crushed 
stone  produced^  furnished  to  counties,  townships,  or  road  districts, 
f.o.b.  cars  at  crushing  plant. 

The  highway  commission  experimented  again  in  1916  very  satis- 
factorily with  50  to  75  convict  laborers  on  road,  bridge  and  culvert 
building.  They  were  paid  22^  cents  per  hour,  out  of  which  they 
paid  the  entire  expense  of  their  camp  and  of  the  single  guard 
in  charge  of  the  men.  They  dressed  like  ordinary  workmen. 
They  were  willing  and  intelligent  workmen  and  good  results  were 
secured. 

Automobile  Registtatian 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  20  h.p.  or  less,  $8;  each 
additional  h.p.  over  20  h.p.,  $.40  additional ;  all  electric  and  steam 
vehicles,  $16;  motor  cycles,  $3;  manufacturers  and  dealers,  $15. 

Five  per  cent  of  the  gross  revenue  is  set  aside  in  the  State 
treasury  as  a  maintenance  fund  for  the  State  highway  department. 
Ninety  per  cent  of  the  gross  revenue  is  apportioned  to  the  several 
counties  of  the  State  for  expenditure  only  for  crowning,  draining, 
draSS^Si  graveling  or  macadamizing  public  roads  outside  of  in- 
corporated towns  or. cities. 

Highway  Officials 

State  Highway  Commw«ionr— Prof. A.Marston,  J.  W.  Holden  and 
H.  C.  Beard.  Highway  engineer,  Thos.  H.  MacDonald;  road  en- 
gineer, F.  R.  White;  bridge  engineer,  J.  H.  Ames. 

Progress  Report 

The  total  mileage  of  all  the  roads  in  Iowa  outside  of  incorporated 
towns  and  villages,  is  104,082.  The  estimated  total  mileage  of 
roads,  including  city  pavements,  improved  by  hard  surfacing  is 
650.  Included  under  this  heading  would  be  classified  all  roads 
that  have  macadam,  concrete,  or  brick  surfacing.  At  this  time 
there  are,  to  our  knowledge,  only  7  or  8  miles  of  concrete  roads  in 
this  State  outside  the  limits  of  incorporated  cities  and  towns.  The 
estimated  amount  of  650  miles  does  not  include  probably  700 
miles  of  the  roads  in  the  State  which  have  been  graveled. 
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There  is  no  law  in  this  State  which  allows  the  State  to  bear  a  por- 
tion of  the  expense  for  the  construction  and  maintenance  of  the 
highways.  At  present  this  work  is  carried  on  entirely  by  the  town- 
shii^  and  the  counties.  Under  the  law  enacted  by  the  35th  and 
36th  general  assemblies  of  this  State  all  of  the  roads  in  the  State 
are  imder  the  general  supervision  of  the  State  highway  commis- 
sion.  A  division  is  made  in  each  county  into  townships  and  coun- 
ty roads.  The  county  constructs  and  maintains  the  entire  county 
road  system  which  is  composed  of  not  less  thanlO  per  cent  and  not 
more  than  15  per  cent  of  the  total  mileage  of  the  county.  These 
roads  included  in  the  coimty  system  have  been  designated  as 
county  roads  and  the  township  officials  have  no  authority  over 
them.  The  remainder  of  the  roads  in  the  townships  outside  of 
the  limits  of  incorporated  cities  and  towns  are  under  the  super- 
vision of  the  local  township  officials,  namely,  the  township 
trustees  and  road  superintendents. 

The  thirtyHsixth  general  assembly  provided  a  maintenance  fund 
consisting  of  5  per  cent  of  the  motor  vehicle  tax  for  the  general 
expenses  of  the  State  highway  commission.  This  is  the  only  ex- 
penditure made  by  the  State  towards  road  improvement  at  this 
time.  Previous  to  April  9,  1913,  the  date  when  the  present  law 
went  Into  effect,  the  work  of  the  commission  was  carried  on  as  a 
department  of  tne  State  college  under  an  appropriation  of  $10,000 
per  year.  During  1916  the  amount  available  for  the  use  of  the 
commission  was  $85,000. 

A  change  was  made  under  the  present  laws  whereby  the  super- 
visors of  each  county  were  required  to  appoint  a  county  engineer 
who  has  general  charge  of  the  road  and  bridge  work  through- 
out the  county.  Under  the  present  law  all  of  the  bridges  regard- 
less of  size  or  location  excepting  those  inside  the  cities  and  towns, 
are  built  and  maintained  by  the  county  board  of  supervisors  under 
plans  and  specifications  issued  by  the  commission. 

During  1916  the  conunission  has  prepared  special  plans  and  de- 
signs for  over  $1,500,000  worth  of  bridges  and  culvert  work. 
Standard  plans  have  been  issued  for  a  number  of  the  general  t3rpes 
of  highway  bridges  used  by  the  State  as  well  as  standard  cross  sec- 
tions for  the  road  work.  At  present  there  is  a  growing  sentiment 
in  favor  of  surfacing  the  main  traveled  highwa3rs.  Many  miles 
of  cheaper  gravel  roads  have  been  built  in  counties  where  gravel 
is  readily  available.  There  have  been  numerous  very  satisfac- 
tory experiments  in  oiling  dirt  roads. 

Road  Funds 

Estimated  amount  of  money  available  for  road  improvement 
during  1917,  including  culverts  and  bridges:  State  appropriation 
for  h^i^way  commission,  $85,000;  auto  tax  distributed  by  the 
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State,  $1,750,000;  township  road  fund  controlled  by  township 
trustees,  $2,400,000;  township  drag  fund  controlled  by  township 
trustees,  $900,000;  coimty  road  fund  controlled  by  county  super- 
visors, $3,300,000;  county  bridge  fund  controlled  by  county 
supervisors,  $4,100,000;  total,  $12,335,000. 

The  above  are  all  cash  taxes.  There  is  in  addition  roughly 
$500,000  available  from  labor  taxes. 

[ApprovBd  by  J.  W.  EtasniQmm,  Editor  State  Highwmy  Comminion  Senrioe  BuUetan.] 

KANSAS 

State  Aid  Legidaium 

The  State  grants  no  money  aid  for  road  improvement,  but  the 
office  of  the  State  engineer  was  establii^ed  at  the  Kansas  State 
Agricultural  College  in  1911  for  the  purpose  of  giving  advice  to 
county  road  officials  throughout  the  State  in  connection  with  the 
construction  and  maintenance  of  roads  and  bridges.  Similar  serv- 
ices are  also  given  to  county,  township  and  city  officials  and  to 
citizens  of  the  State  on  drainage  and  irrigation  work.  About 
$11000  annually  is  provided  from  the  college  appropriations  for 
the  maintenance  of  the  State  engineer's  office.  Traveling  expenses 
of  engmeers,  the  cost  of  surveys,  and  the  salanes  of  mspectors 
employed  on  construction  work  are  paid  by  local  authorities 
receiving  the  services. 

Local  Aid  Legislation 

Jurisdiction  of  State  and  county  roads  is  vested  in  the  boards 
of  cotmty  commissioners,  and  of  township  roads  and  mail  routes 
in  the  boards  of  highway  commissioners  of  the  township.  The 
county  commissioners  of  each  county  of  the  State  may  appoint  a 
coimty  en^eer  to  supervise  the  work  on  State  and  county  roads 
and  to  assist  the  township  officials  in  improving  and  maintaining 
the  roads  under  their  jurisdiction.  The  township  highway  com- 
missioners must  employ  one  or  more  overseers  outside  their  own 
body  to  supervise  the  construction  and  maintenance  of  mail 
routes  and  township  roads. 

Road  Bond  Legislation 

Upon  petition  of  60  per  cent  of  the  landowners  who  own  at  least 
60  per  cent  of  the  land  to  be  taxed,  naming  the  road,  the  terminal 
points  of  improvement,  the  kind  of  improvement,  and  the  number 
of  assessments,  not  exceeding  ten,  to  be  made  in  payment  thereof, 
the  county  board  shidl  improve  this  road  if  it  is  found  and  declared 
to  be  of  public  utility. 
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The  county  commissioners  are  empowered  to  make  contracts. 
In  payment  for  any  work  or  material,  these  commissioners  shnXl 
issue  special  improvement  bonds,  bearing  interest  not  exceeding  6 
per  cent  and  payable  within  the  time  or  times  mentioned  in  tiie 
petition. 

Three-fourths  of  the  cost  of  the  improvement  shall  be  appor- 
tioned among  the  property  owners  within  the  radius  described  in 
the  petition  and  shall  be  collected  as  other  taxes.  One-fourth  shall 
be  cnarged  to  the  township  or  townships  in  which  the  improvement 
18  made  and  this  amoimt  shall  be  raised  in  the  same  manner  as 
provided  by  law  for  raising  taxes  for  all  purposes.  The  countv 
must  pay  for  aU  engineering  and  superintendence  and  for  all 
bridges  and  culverts  costing  more  than  $200  and  it  may  pay  any 
part  of  the  total  cost  of  the  improvement  that  the  conmiissioners 
may  determine.  Provided  that  this  act  does  not  apply  to  the 
construction  or  improvement  of  roads  costing  less  than  $500  per 
mile. 

Bridge  bonds  in  any  sum  not  in  excess  of  1  per  cent  of  the 
taxable  property  may  be  issued  by  the  board  of  county  commis- 
sioners of  any  county,  the  mayor  and  council  of  any  city,  and  the 
trustee,  clerk,  and  treasurer  of  any  township,  upon  a  majority 
vote  at  an  election  called  by  a  petition  signed  by  two-fifths  of  the 
voters  of  their  respective  political  division. 

The  bonds  shall  be  in  denominations  of  not  less  than  $100,  shall 
bear  interest  not  exceeding  10  per  cent,  and  shall  run  for  not  less 
than  five,  nor  more  than  thirty  years.  No  provision  is  made  by 
statute  for  issuing  county  or  townships  road  bonds. 

Convict  Lobar  Laws 

State  convicts  may  be  employed  on  the  roads  on  pasrment  of 
$1  per  day  per  man,  plus  all  additional  expenses  of  guarding  them. 
County  prisoners  may  be  employed  in  breaking  stone. 

AvJLomdbile  RegistlraUon 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  All  motor  vehicles, 
$5;  motor  cycles,  $2;  dealers  shall  register  one  in  each  class  at  regu- 
lar rates. 

The  net  revenue  is  paid  into  the  county  treasury  of  the  county 
in  which  collected  for  expenditure  only  in  maintenance  of  the 
designated  roads.    (Act  of  March  12, 1913.) 

Highway  Officials 

The  State  engineer  is  appointed  by  the  board  of  administration 
of  the  State  Agricultural  College,  Manhattan.  W.  S.  Xjfearhart, 
Manhattan,  is  State  engineer. 
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Progress  Report 

The  total  mileage  of  public  highways  in  Kansas  ezclusiye  of 
the  streets  of  incorporated  towns  and  cities  is  about  111,052. 
Approximately  10  per  cent  of  these  roads  are  now  in  the  county 
systems.  County  roads  are  mostly  earth  roads,  but  are  graded 
and  wdl  maintained.  Only  about  400  miles  of  improved  roads, 
consisting  of  gravel,  macadam,  brick  and  concrete,  have  been 
built,  "niere  are  also  about  820  miles  of  sand  clay  and  oiled 
earth  roads  in  the  State. 

During  the  year  1916  the  State  engineer's  office  furnished  engi- 
neering services  on  $1,000,000  worth  of  roads  and  bridges,  and 
$500,000  wortii  of  drainage  and  irrigation  work.  Supervision 
was  also  provided  for  the  construction  of  130  bridges  and  10 
miles  of  improved  roads. 

Road  Funds 

The  estimated  expenditure  for  road  purposes,  including  bridges 
and  culverts,  during  the  year  1916  was  $6,000,000.  These  funds 
were  provided  by  township  and  county  cash  road  taxes  and 
automobile  registration  fees.  A  cash  poll  tax  of  approximately 
$500,000  was  also  available  but  its  collection  is  uncertain. 

[Approved  by  U.  S.  Office  of  Public  Roads  and  Rural 


KENTUCKY 

State  Aid  Legislation 

By  an  act  passed  in  March,  1912,  the  governor  was  required 
to  appoint  on  July  1,  1912,  and  every  four  years  thereafter  a 
State  commissioner  of  public  roads,  who  shall  be  a  graduate  in 
civil  engineering  from  some  reputable  university  or  some  techni- 
cal college  and  have  had  at  least  five  years'  experience  in  civil 
engineering.  The  expenditures  chargeable  to  the  State  road 
fund  were  limited  to  not  to  exceed  $25,000  per  annum.  The  com- 
missioner is  authorized  to  collect  and  disseminate  information, 
furnish  plans,  specifications,  and  estimates  of  cost  of  bridges  and 
roads,  but  it  is  not  obligatory  on  the  part  of  local  officials  to  ac- 
cept such  plans  and  specifications,  but  they  must  be  kept  on 
file  in  the  office  of  the  county  road  engineer,  as  are  the  plans, 
specifications,  and  actual  cost.  He  is  also  required  to  hold  an 
examination  for  the  appointment  of  county  engineers,  and  such 
county  engineers  shall,  upon  order  of  the  State  commissioner, 
cause  all  roads  within  their  counties  to  be  measured  and  shall 
make  report  to  the  said  commissioner. 
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The  General  Assembly  of  1914  passed  a  bill  which  levied  a 
State  tax  of  5  cents  on  the  $100  of  taxable  wealth,  which  is 
to  constitute  a  State  road  fund  to  be  redistributed  to  the  coun- 
ties applying  for  aid  to  the  extent  of  one-half  the  cost  of  con- 
struction or  reconstruction  of  public  roads.  No  county  to  re- 
ceive in  any  one  year  more  than  2  per  cent  of  the  total  fund. 

Also  another  biU  was  passed,  making  roads  connecting  the 
county  seats  of  adjoining  counties  on  the  most  direct  and  practi- 
cal route,  public  State  highways,  to  be  the  first  to  receive  State  aid. 

Road  Bond  Legislation 

On  the  petition  of  150  voters  and  freeholders  of  a  county,  the 
county  court  shall  call  an  election  to  determine  whether  bonds  of 
the  county  shall  be  issued  in  an  amount  not  to  exceed  5  per  cent 
of  the  taxable  valuation  of  the  county.  If  two-thirds  of  the  legal 
voters  voting  shall  favor  the  issuance  of  bonds,  the  fiscal  court 
may  issue  them,  to  bear  not  exceeding  5  per  cent  interest,  to 
run  not  less  than  five  nor  more  than  thirty  years,  and  to  be  sold 
for  not  less  than  par.  The  fiscal  court  shall  levy  an  annual  tax 
of  not  to  exceed  20  cents  on  each  $100  valuation  of  taxable  prop- 
erty in  the  county,  to  pay  the  interest  on  such  bonds,  and  to 
create  a  sinking  fimd  for  their  redemption  at  maturity.  Sinking 
fund  accumulations  may  be  loaned  by  the  fiscal  court  on  first 
mortgage  real  estate  security,  on  the  basis  of  50  per  cent  of  its 
value. 

Any  county  which  issues  bonds  and  expends  the  proceeds 
thereof  for  bmlding  public  roads,  under  the  direction  of  the  com- 
missioner of  public  roads,  in  an  amount  greater  than  the  amount 
which  said  county  may  be  able  to  secure  bv  apportionment  from 
the  State  road  fund  for  that  year,  shall  be  entitled  to  receive 
from  the  State  road  fund  in  subsequent  years  such  further  amounts 
or  apportionments  as  will  make  the  total  amoimt  ultimately 
received  from  said  fund  equal  to  one-half  the  amount  so  expended 
by  said  county. 

Convict  Labor  Laws 

Prisoners  sentenced  to  work  at  hard  labor  may  be  placed  in 
the  work-house,  if  there  be  one  in  the  county,  or  at  work  upon 
the  public  works,  or  roads,  of  the  coimty,  or  upon  the  public 
works  of  any  city  or  town  in  the  county.  The  place  of  working 
such  prisoners  shall  be  determined  by  the  county  judge,  giving 
preference  to  work  on  roads  of  the  county  whenever  the  weather 
win  permit.  When  placed  upon  the  public  works  of  any  city 
or  town,  such  city  or  town  shall  provide  and  pay  for  food,  lodging, 
and  guarding;  and  when  placed  on  the  county  roads^  such  cost 
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shall  be  paid  out  of  the  road  funds  of  the  county.  The  county 
judge  is  authorized  to  appoint  a  manager  for  each  crew  of  pris- 
oners, who  shall  also  act  as  guard.  No  crew  shall  consist  of  less 
than  three  prisoners,  and  not  more  than  one  man  shall  be  paid 
to  guard  and  manage  less  than  ten  prisoners.  The  county  or 
fisc^  court  shall  have  power  to  prescribe  regulations  for  the  gov- 
ernment of  prisoners  and  those  m  charge  of  them.  All  prisoners 
placed  at  hard  labor  shall  be  permitted  to  satisfy  their  fines  and 
costs  with  such  labor,  at  the  rate  of  $1  per  day. 

The  State  may  employ  State  convicts  outside  of  the  walls  of 
the  penitentiary  in  road  or  bridge  work,  or  in  the  preparation  of 
materials  therefor. 

Local  Road  Legislation 

The  roads  are  under  the  county  fiscal  courts. 

There  is  created  in  the  several  counties  of  the  State  the  office 
of  coimty  road  engineer,  who  is  to  be  appointed  by  the  county 
judge,  by  and  with  the  consent  of  the  fiscal  court,  for  a  term  of 
two  years.  Such  county  road  engineer  shall  be  either  a  repu- 
table civil  engineer  or  a  man  who  has  had  practical  experience 
as  a  road  supervisor  or  builder  for  two  years  and  who  shall  have 
passed  a  creditable  examination  by  the  State  commissioner  of 
public  roads  or  one  of  his  representatives.  (Acts  of  1914,  Chap. 
80,  Sec.  39.) 

The  county  road  engineer  may  be  removed  at  any  time  by  the 
county  judge  upon  his  own  volition  for  incompetence,  mal- 
feasance or  misfeasance  in  office,  upon  written  charges,  after 
a  hearing  of  which  10  days'  notice  shall  be  given  by  serving  a 
copy  of  such  charges  upon  such  county  road  engineer.  (Acts 
1914,  Chap.  80,  Sec.  40.) 

Automobile  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  Less  than  25  h.p.,  S6; 
26  to  49  h.p.,  $11;  60  h.p.  and  over,  $20;  manufacturers  and 
dealers,  one  vehicle  in  each  class,  at  regular  rates. 

Registration  revenues  are  paid  into  the  State  treasuiy  for  the 
benefit  of  the  State  road  fund.     (Act  of  March  14,  1910.) 

Highway  Officials 
State  commissioner  of  public  roads,  Rodman  Wiley,  Frankfort. 

Progress  Report 

The  department  furnishes  plans,  specifications  and  estimates  for 
all  bridges  over  $500  in  value.  It  furnishes  specifications  for  all 
new  roads  and  the  same  for  all  reconstruction  when  requested  by 
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the  fiscal  courts.  The  department  also  keeps  up  a  continuous 
campaign  along  educational  lines,  by  mailing  bulletins  of  road  in- 
formation, by  di8pla3dng  road  models  at  the  State  fair  and  some 
of  the  larger  county  fauns,  by  holding  road  meetings  over  the  State 
and  by  fimiishing  speakers  for  road  meetings  in  the  various  coun- 
ties of  the  State.  Since  the  organization  of  the  department  plans, 
specifications  and  estimates  for  about  757  bridges  have  been  made, 
surveys  for  about  1600  miles  of  new  road  have  been  made,  about 
4000  miles  of  old  road  has  been  inspected  and  advice  furnished ; 
1400  miles  of  road  have  been  constructed  under  the  direct  super- 
vision of  the  department. 

IZoad  Funds 

In  1916,  the  State-aid  fund  will  probably  be  $712,000,  the  same 
amount  will  be  raised  by  counties  for  State-aid  roads,  and  about 
$3,000,000  in  bonds  will  probably  be  issued  for  roads.  To  date 
31  counties  have  voted  bonds  amoimting  to  $5,755,000. 

[Approved  by  Rodman  Wilkt,  State  Conuniaeioner  of  Public  Roadt.] 


LOUISIANA 

State  Aid  Legislation 

The  board  of  State  engineers  is  authorised  to  appoint  a  State 
highway  engineer,  who  holds  oflSoe  until  removed  for  cause  by 
the  board.  He  is  required  to  be  a  competent  civil  engineer,  ex- 
perienced in  highway  work.  The  board  is  authorized  to  appoint 
assistants  and  clerks  and  provide  offices;  to  hold  meetings  in  its 
discretion  for  considering  the  general  policy  of  the  department 
and  receive  the  annual  report  of  the  State  highway  engineer.  The 
board  acts  in  all  matters  concerning  recommendations,  estimates, 
etc.,  to  be  submitted  to  the  governor. 

The  State  highway  engineer  is  required  to  make  a  general 
highway  plim  of  the  State,  collect  statistics,  establish  standards 
for  construction  and  maintenance,  have  supervision  over  con- 
struction and  maintenance  of  State  highways  on  which  State  aid 
has  been  granted,  subject  to  the  approval  of  the  board  of  State 
engineers.  He  or  his  assistants  must  make  all  surveys,  plans, 
specifications,  and  estimates  and  select  material  for  such  State 
highways.  He  awards  contracts,  but  may  reject  any  and  all 
bids  and  conduct  the  work  with  his  own  force.  He  is  authorized, 
with  the  approval  of  the  board  of  State  engineers,  to  purchase^ 
for  the  State,  road  machinery,  draft  animals,  and  supplies,  and 
loan  such  equipment  to  the  parishes.    Upon  completion  of  con- 
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tract  for  State  highways  the  State  highway  engineer  certifies 
to  the  State  treasurer  and  the  president  of  the  police  jury  the 
portion  to  be  paid  by  the  State  and  parish  respectively. 

The  State  highway  engineer  is  required  to  keep  all  roads  im- 
proved as  State  highways  in  repair,  the  total  cost  to  be  paid  by 
the  State  and  the  parish  to  reimburse  the  State  in  the  same 
manner  as  for  construction.  He  is  required  to  organize  a  system 
of  repair  whereby  all  roads  may  be  in  good  condition  at  all  times. 

The  initiative  in  obtaining  State  aid  rests  with  the  police  juries 
of  the  respective  parishes.  They  make  application  to  the  State 
highway  engineer  for  State  aid  in  the  improvement  of  main 
traveled  ro&diB,  and  the  said  State  highway  engineer  must  take 
up  such  applications  as  far  as  practicable  in  the  order  of  their 
receipt,  provided  the  parishes  have  raised  their  portion  of  the 
cost  of  such  improvement. 

In  order  to  provide  a  State  aid  fund  a  general  property  tax  of 
one-fourth  of  1  mill,  is  placed  in  a  fund  known  as  the  State 
highway  fund.  This  fund  is  apportioned  by  the  State  highway 
engineer  with  the  approval  of  the  board  of  State  engineers.  From 
10  to  50  per  cent  of  the  cost  of  State  aid  roads  is  apportioned  to 
the  State  and  50  to  90  per  cent  to  the  parish. 

Local  Road  Legislation 

The  State  is  divided  into  parishes  and  the  roads  in  each  parish 
are  imder  its  police  jury.  Tlie  police  jury  may  divide  the  parish 
into  road  or  sub-road  districts,  in  which  case  the  roads  are  imder 
the  control  of  a  board  of  supervisors. 

Road  Bond  Legislation 

Municipal  corporations,  drainage  districts,  or  parishes  may  issue 
bonds  for  the  piu-pose  of  improving  the  roads  therein.  Before  these 
bonds  are  issued,  the  question  shall  be  submitted  to  an  election 
and  a  majority  in  number  and  in  the  amount  of  property  valuation 
of  the  actual  votes  cast  shall  be  necessary  to  carry  the  election. 
Bonds  shall  not  be  issued  for  a  greater  amount  than  10  per  cent  of 
the  assessed  valuation,  shall  bear  not  exceeding  5  per  cent  interest, 
and  shall  nm  not  to  exceed  forty  years.  A  sinking  fund  shall  be 
provided  to  redeem  these  bonds  at  maturity  and  an  annual  tax 
imposed  to  create  this  sinking  fimd  and  pay  the  interest  on  the 
bonds  annually.  Such  bonds  shall  be  sold  for  not  less  than  par, 
and  the  proceeds  thereof  shall  not  be  used  for  any  other  purpose 
than  that  for  which  they  are  issued. 

Police  juries  of  the  several  parishes  are  authorized  to  divide 
their  respective  parishes  into  road  or  sub-road  districts,  and  the 
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povemmg  authorities  of  said  districts  shall  have  the  right  to 
issue  bonds,  in  accordance  with  the  general  laws  of  the  State 
authorising  the  issuance  of  road  bonds,  to  provide  for  the  con- 
struction of  the  public  roads  therein. 

Convict  Labor  Laws 

Under  the  provisions  of  the  law,  the  highway  department^ 
board  of  State  engineers,  has  the  right  and  power,  when  available, 
to  employ  state  convicts  for  highway  work.  Under  this  system 
of  State  aid,  the  board  of  control  of  the  State  Penitentiary  fur- 
nishes the  convict  labor,  retaining  such  rights  over  them  as  relate 
to  their  guardianship,  personal  care,  and  enforcement  of  physical 
labor.  The  highway  department,  board  of  State  engineers, 
supervises  all  work  relative  to  construction,  makes  all  surveys  and 
locations,  and  outlines  and  puts  into  execution  all  details  relative 
to  the  building  of  highways  under  this  system.  The  police  jury 
of  each  respective  parish  furnishes  all  funds  for  the  maintenance, 
guarding  and  working  of  the  convicts,  all  materials  required  in 
the  construction  work,  and  aU  required  rights-of-way. 

Automobile  Registration 

Annual  registration  of  motor  vehicles  with  the  secretary  of  state 
is  required,  Qxe  fee  being  25  cents  per  horse  power  with  a  mminniTn 
fee  of  $5.  A  flat  fee  of  $2  is  required  for  each  motor  cycle  and 
$7.50  for  each  motor  truck.  The  proceeds  from  the  registration  of 
motor  vehicles  is  to  be  paid  to  the  various  parishes  from  which 
collected  and  apply  to  the  construction  and  maintenance  of  roads. 
Non-residents  are  exempt  if  like  exemption  is  granted  residents  of 
Louisiana.  The  act  was  submitted  to  a  general  election  in  1914 
and  ratified  and  became  effective  January  1, 1915. 

Highway  Officials 

The  board  of  State  engineers  of  Louisiana,  of  which  the  highway 
department  is  a  branch,  is  composed  of  the  following  members: 
P.  M.  Kerr,  Chief  State  engineer,  Gervais  Lombard,  J.  W.  Monget, 
Marshall  P.  Robertson,  John  Elorer. 

The  officers  of  the  highway  department  of  the  board  of  State 
engineers  are:  F.  M.  Kerr,  chief  State  engineer,  and  president  of 
the  board  of  state  engineers;  Duncan  Buie,  State  hi^way  ei^- 
neer;  W.  F.  Cooper,  assistant  State  highway  engineer;  Chas  F. 
Wood,  secretary,  New  Orleans. 

Progress  Report 

During  1916,  the  highway  department,  board  of  State  engi- 
neers, extended  State  aid  to  15  parishes  for  the  construction  of  19 
highway  projects  aggregating  195.94  miles,  of  which  14.00  are 
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shell  roads,  145.14  miles  gravel,  and  36.80  improved  earth.  The 
estimated  cost  of  construction  is  S600,000,  the  State  contributing 
approximately  3130,000,  and  the  parishes  the  remainder. 

State  convicts  were  not  employed  during  1916  in  the  construc- 
tion of  State-aid  projects. 

Road  Funds 

The  highway  department,  board  of  State  engineers,  will  have 
available  during  1917  approximately  $200,000,  including  State 
and  federal  fimds,  for  distribution  among  parishes  applying  for 
State  and  federal  aid.  The  department  will  probably  have 
under  construction  during  1917  approximately  250  miles  of  State^ 
aid  projects  to  cost  about  $750,000. 

Bonds  are  being  issued  and  special  taxes  voted  in  nearly  all  of 
the  parishes. 

Total  expenditures  for  State-aid  roads  up  to  December  31, 
1916:  State  funds  $531,501.88;  parish  funds,  $901,056.24;  total, 
$1,432,558.12,  exclusive  of  cost  of  gravel  furnished  by  parishes 
for  gravel  roads^  These  amounts  are  supplemented  by  labor  of 
State  convicts  employed  during  1911,  1912  and  1913. 

(Approved  by  Charles  F.  Wood,  Secretary  Highway  Department.] 

MAINE 

State  Aid  Legislation 

Under  an  act  passed  in  1913  "the  governor  with  the  advice 
and  consent  of  the  council  shall  appoint  a  State  highway  com- 
mission consisting  of  three  members;  one  to  serve  three  years, 
one  to  serve  two  years  and  one  to  serve  one  year. 

'The  commission  shall  select,  and  with  the  approval  of  the 
governor  and  coimcil  appoint  a  chief  engineer,  upon  terms  to 
be  fixed  from  time  to  time  by  the  conunission,  subject  to  the 
approval  of  the  governor  and  council.'' 

He  shall  under  the  direction  of  and  control  of  the  commission 
have  general  charge  of  the  office,  the  records  and  all  construc- 
tion and  maintenance  work,  and  may  with  the  approval  of  the 
commission  employ  necessary  clerical  assistance.  The  engineer 
may  with  the  approval  of  the  commission  employ  such  other 
engineers,  supervisors,  assistants  and  help  as  he  may  deem 
necessary. 

The  commission  shall  lay  out,  construct  and  maintain  a  sys- 
tem of  State  and  State  aid  highways.  The  State  highways  to 
be  constructed  wholly  by  the  State  from  the  bond  issue.  The 
State  aid  highways  to  be  constructed  by  the  State  and  munici- 
palities jointly.    Both  classes  of  highways  to  be  maintained  under 
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the  direction  of  the  commission,  the  cost  to  be  borne  jointly  by 
the  State  and  municipalities.  The  charge  against  the  munici- 
palities for  maintenance  of  State  highways  shall  be  $60  per  mile 
per  annum;  for  State  aid  highways,  the  charge  shall  be  one-half 
the  actual  expense  but  not  to  exceed  $30  per  mile  per  annum. 

The  commission  have  full  power  in  the  letting  of  all  contracts 
for  the  construction  of  all  State  and  State  aid  highways.  The 
commission  may  make  contracts  with  towns  for  construction  of 
State  aid  roads  without  advertising  for  bids. 

Towns  may  make  the  following  appropriations  and  apply  for 
State  aid: 

Towns  having  a  valuation  of  $200,000  or  less  may  appropriate 
any  amount,  not  exceecUng  $300;  towns  having  a  valuation  of 
over  $200,000  and  not  over  $800,000  may  appropriate  any  amount 
not  exceeding  $533;  towns  having  a  valuation  of  over  $800,000 
and  not  over  $1,000,000  may  appropriate  an  amount  not  exceed- 
ing $600;  and  towns  having  a  valuation  of  over  $1,000,000  and 
not  over  $3,000,000  may  appropriate. in  addition  to  the  sum  of 
$600  an  additional  sum  of  $66  for  each  $200,000  or  fraction 
thereof  valuation  in  excess  of  $1,000,000;  towns  having  a  valua- 
tion of  over  $3,000,000  and  not  over  $4,000,000  may  appropriate, 
not  exceeding  $1333,  and  towns  having  a  valuation  of  $4,000,000 
may  appropriate  in  addition  to  the  sum  of  $1333  an  additional 
sum  not  exceeding  $133  for  each  additional  $1,000,000  of  additional 
viduaiion. 

The  commission  from  the  funds  for  State  aid  construction 
shall  to  each  town  which  has  conformed  to  the  provisions  of 
the  act,  for  each  dollar  so  appropriated,  apportion  the  following 
amoimts: 

To  each  town  having  a  valuation  of  $200,000  or  less,  $2  for 
each  dollar  appropriated  by  said  town;  to  each  town  having  a 
valuation  over  $200,000  and  not  over  $1,000,000  $1  for  each 
$1  appropriated  by  said  town;  to  each  town  having  a  valuation 
of  over  $1,000,000  and  not  over  $1,200,000  92  cents  for  each  $1 
appropriated  by  said  town;  to  each  town  having  a  valuation 
over  $1,200,000  and  not  over  $1,400,000,  85  cents  for  each  $1 
appropriated  by  said  town;  to  each  town  having  a  valuation 
over  $1,400,000  and  not  over  $1,600,000,  80  cents  for  each  $1 
appropriated  by  said  town;  and  to  each  town  having  a  valuation 
over  $1,600,000,  75  cents  for  eacl;)  $1  so  appropriated  by  said 
town.  The  money  appropriated  by  towns  applying  for  State 
aid  with  the  amount  apportioned  by  the  commission'  shall  con- 
stitute a  joint  fund  for  the  construction  and  improvement  of 
the  State  aid  highways  in  such  towns. 

After  the  year  1913,  between  the  15th  day  of  July  and  the  15th 
day  of  August  in  each  year,  municipal  officers  shall  prepare  and 
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file  with  the  commiBsion,  Buggestions  for  the  improvement  dur- 
ing the  next  calendax  year  of  State  aid  highways  located  in  each 
town  accompanied  by  plans  so  far  as  practicable,  setting  forth 
the  location  of  the  highway  and  the  nature  of  the  improvement 
desired.  The  commission  shall  escamine  and  report  thereon 
with  its  recommendations  to  the  muncipal  officers  on  or  before 
the  20th  day  of  February  following.  Such  reports  shall  be  sub- 
mitted to  the  voters  of  such  towns  at  the  next  regular  meeting. 

To  provide  funds  for  the  construction  of  State  aid  highwajrs 
there  shall  be  appropriated  for  the  year  1913  the  sum  of  $250,000 
and  annually  thereafter  there  shall  be  appropriated  the  sum  of 
$300,000.  To  provide  for  the  administration  of  the  office  and 
duties  of  the  commission  and  for  all  expenditures,  salaries  and 
expenses  incident  thereto,  and  for  the  maintenance  of  all  State 
and  State  aid  highways  there  shall  be  appropriated  the  sum  of 
$50,000  annually.  For  the  construction  of  the  State  roads 
the  treasurer  of  State  is  authorized  under  the  direction  of  the 
governor  and  council  to  issue  from  time  to  time  serial  coupon 
bonds,  not  exceeding  $2,000,000  in  amount  outstanding  at  any 
one  time,  payable  at  the  State  treasury  within  forty-one  years 
from  date  of  issue;  the  interest  on  the  bond  issue  and  retirement 
of  bonds  to  be  provided  for  from  the  automobile  Ucense  fees. 
Not  more  than  $500,000  of  bonds  shall  be  issued  in  any  one  year. 

The  fund  for  maintenance  and  administration  is  augmented 
each  year  by  the  balance  remaining  on  the  31st  of  December 
in  the  appropriation  for  State  aid  highways;  that  is,  so  much  of 
the  State's  appropriation  for  this  purpose  as  has  not  been  ap- 
portioned to  municipalities  on  account  of  State  aid  is  automati- 
cally carried  into  the  fimd  for  administration  and  mamtenance 
for  the  succeeding  year.  This  fund  is  further  augmented  by  the 
balance  remaining  in  the  fund  created  by  the  licensing  of  auto- 
mobiles after  providing  for  the  payment  of  interest  on  the  bonds 
issued  and  a  sinking  fund  for  the  retirement  of  bonds. 

Chapter  272,  laws  of  1915,  placed  the  maintenance  of  all  the 
principal  thoroughfares  in  the  State,  both  improved  and  .imim- 
proved,  under  the  direction  of  the  State  highway  commission,  the 
work  to  be  done  at  the  joint  expense  of  the  State  and  the  towns. 

Various  amendments  to  the  State  highway  law  were  before 
the  legislature  when  this  book  went  to  press. 

Local  Road  Legislation 

Jurisdiction  over  roads  vests  in  the  boards  of  county  commis- 
sioners in  the  case  of  county  roads  and  all  roads  in  unincorporated 
towns;  all  other  local  roads  are  under  the  boards  of  selectmen  of 
the  towns. 
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Canvid  Labor  Laws 

Upon  written  application  from  county  or  municipal  authorities 
the  board  of  prison  inspectors  may  direct  that  jail  prisoners  be 
worked  on  county  roads. 

AtUomobile  Registratian 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  20  h.p.  or  less,  $6;  21 
to  35  h.p.,  $10;  over  35  h.p.,  $15;  motor  trucks  and  commercial 
automobiles,  $10;  traction  engines,  $10;  motor  cycles,  $3;  opera- 
tors, including  owners,  $2. 

Registration  revenue  is  paid  into  the  State  treasury  and  credited 
to  a  rand  for  the  repair,  maintenance  and  construction  of  State 
highways.    (Chapter  No.  162,  Laws  1911.) 

Highway  Officials 

State  Highway  Cammissianf  Augusta. — Philip  J.  Deering,  chair- 
man; William  M.  Ayer,  Frank  A.  Peabody;  Paul  D.  Sargent,  chief 
engineer. 

Progress  Report 

During  1916,  157.056  miles  of  State-aid  roads  were  Constructed 
at  a  cost  of  $552,371.62,  and  3.143  miles  under  special  resolutions 
at  a  total  cost  of  $7,962.21.  There  were  69.81  miles  of  State 
highways  built  at  a  cost  of  $466,998.33. 

During  the  year  a  patrol  system  of  maintenance  was  estab- 
lished, with  373  patrolmen  in  423  towns  on  a  total  of  3,373  miles 
of  road.  This  work  cost  the  State  and  towns  $275,000.  The 
roads  thus  maintained  comprised  about  200  miles  of  improved 
State  highways,  1,000  miles  of  improved  State-aid  roads,  and  the 
balance  unimproved  roads  in  these  two  ^stems.  In  addition 
about  100  towns  maintained  their  improved  State-aid  roads  tmder 
an  agreement  by  which  the  State  paid  half  the  cost  up  to  $60 
per  mile. 

Road  Funds 

The  proceeds  of  a  $200,000  bond  issue  will  be  available  in  1917 
and  the  legislature  is  expected  to  authorize  a  1-mill  tax  furnishing 
$321,000  for  constructing  State  highways  and  $200,000  for  con- 
structing State-aid  highwa3rs,  supplementing  a  direct  appropria- 
tion of  $300,000.  In  addition  there  will  be  $146,000  of  federal  aid 
fimds  for  use  on  State  highways  and  $300,000  of  town  appropria- 
tions for  State-aid  highwa3rs.  The  automobile  license  fees  are 
expected  to  net  about  $350,000  for  maintenance  and  about 
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S135y000  for  that  purpose  is  expected  from  cities  and  towns. 
This  makes  a  total  fund  of  about  $1,742,000  for  road  purposes. 
The  legislature  is  discussing  a  referendum  on  a  $4,000,000  bond 
issue,  but  if  passed  by  the  legislature  and  approved  by  popular 
vote  the  money  will  not  be  available  before  1918. 

(ApproTed  by  Paul  S.  Sabobmt,  Chief  Eiigineer,  State  Highway  Commiwion  ] 

MARYLAND 

State  and  State  Aid  Legislation 

The  State  roads  commission  consisting  of  three  members  ap- 
pointed by  the  governor  has  direct  control  over  the  construction 
and  maintenance  of  a  system  of  main  highwa3rs  through  all  the 
counties  in  the  State,  the  cost  of  such  construction  and  mainte- 
nance to  be  borne  entirely  by  the  State.  The  commission  also  has 
authority  to  approve  applications  for  State  aid  on  roads  not  in- 
cluded in  the  trunk-line  system,  and  when  such  applications 
are  approved  the  plans  and  specifications  are  prepared  by  the 
State,  the  contract  awarded  by  the  counties  subject  to  approval 
of  the  State,  and  the  performance  of  the  contract  supervised 
by  the  State. 

The  cost  of  State  aid  roads  is  shared  equally  by  the  State  and 
counties.  The  allotment  of  State  funds  to  the  counties  is  based 
upon  road  mileage.  After  the  construction  of  a  State  aid  road 
its  maintenance  devolves  upon  the  State  authorities. 

A  system  of  trunk-line  roads,  built  and  maintained  entirely 
at  the  expense  of  the  State,  was  authorized  by  the  legislature 
in  1908,  and  a  State  bond  issue  of  $5,000,000  was  authorized 
for  this  purpose.  An  additional  bond  issue  of  $1,000,000  was 
authorized  by  the  legislature  in  1910,  in  1912,  a  bond  issue 
of  $3,170,000  was  authorized,  $6,600,000  in  1914,  and  $2,700,000 
in  1916.  The  trunk-line  system  is  selected  entirely  by  the  State 
roads  commission  and  every  stage  of  the  work  is  completely  under 
the  control  of  the  commission.  A  chief  engineer  selected  by  the 
commission  is  the  executive  officer  and  active  head  of  the  work. 
The  funds  for  State  aid  roads  as  distinguished  from  State  roads 
are  provided  by  direct  appropriation.  The  legislature  in  1912 
provided  that  an  annual  State  tax  of  1  cent  on  each  $100  should 
be  levied  to  provide  a  maintenance  fund  for  State  highways. 

Local  Road  Legislation 

Jurisdiction  over  county  roads  vests  in  elected  boards  of  county 
commissioners  who  may  employ  competent  civil  engineers  for 
the  construction  and  maintenance  of  bridges  and  roads. 
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Convict  Labor  Laws 

For  the  purpose  of  building  and  constructing  or  maintaining  any 
road,  bridges  or  highways  under  the  providons  of  this  act  (State 
highway  aet  of  1910)  or  for  the  purpose  of  working  any  stone  quarry 
operated  by  the  State  roads  commission,  the  said  commission 
is  authorized  to  make  request  of  the  directors  of  the  Maryland 
House  of  Correction  for  as  many  inmates  thereof  as  may  be  neces- 
sary for  said  purpose,  and  the  said  directors  are  directed  to  furnish 
same  with  a  sufficient  number  of  guards  for  their  safe-keeping  of 
the  prisoners  while  so  employed. 

The  use  of  convicts  on  public  roads  in  certain  counties  is  also 
authorized  by  law. 

AiUomobile  Registration 

The  annual  registration  fees  are  paid  to  the  commissioner  of 
motor  vehicles  and  are  50  cents  per  horse  power  for  motor  vehicles 
with  pneumatic  tires,  with  a  minimum  of  $5;  $8  for  a  motor  vehicle 
with  solid  tires  and  a  rated  capacity  not  exceeding  1  ton,  plus 
$6  for  each  additional  ton  capacity;  $5  for  trailers  after  any  motor 
vehicles;  $3  for  motorcycles;  S20  for  two  sets  of  dealers'  tags  and 
SIO  for  each  additioncd  set,  available  on  all  cars  of  a  dealer  not 
used  for  hire;  $8  for  four  tags  for  motorcycles  and  $2  for  each 
additional  ta^;  SI  per  horse  power  for  motor  vehicles  transporting 
persons  for  lure,  other  than  vehicles  operating  on  fixed  schedules; 
motor  vehicles  operating  on  schedule  for  passenger  service,  fee 
per  passenger  seat  per  mile  of  total  annual  scheduled  mileage, 
■^  cent  for  vehicles  under  3000  pounds,  ^  cent  for  vehicles 
weighing  3000  to  7000  pounds,  ^  cent  for  vehicles  weighing  over 
7000  pounds;  fee  for  freight  motor  vehicles  operating  on  schedule, 
per  ton  capacity  per  mile  of  total  annual  scheduled  mileage,  ^ 
cent  for  trucks  weighing  less  than  3  tons  loaded,  ^y  ^^^^  ^^^ 
trucks  weighing  3  to  6  tons,  |  cent  for  trucks  weighing  over  6 
tons.    Operator's  license,  $2. 

One-fifth  of  the  net  registration  revenue  is  apportioned  to  the 
eity  of  Baltimore  for  use  on  its  roads  and  streets  and  the  remainder 
shall  be  expended  for  oiling,  repair  and  maintenance  of  the  modern 
State  and  county  roads.  Fines  and  forfeitures  are  paid  into  the 
State  treasury  for  the  same  use  as  the  registration  revenues. 

The  conunissioner  of  motor  vehicles  is  authorized  to  expend 
from  the  receipts  of  his  office  each  year  not  exceeding  IIOOO  for 
the  erection  of  sign  posts  for  the  direction  of  and  warning  of 
danger  to  travelers.  The  said  commissioner  is  also  authorized 
to  employ  deputies  equipped  with  motor  cycles  to  enforce  the 
motor  vehicle  and  traffic  laws  of  the  State  and  pay  for  same  in  an 
amoimt  not  exceeding  S5000  per  year  from  the  receipts  of  his  office. 
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No  motor  vehicle  in  excess  of  90  inches  width,  and  no  traction 
engine  in  excess  of  100  inches  width  shall  be  operated  on  high- 
ways of  State;  or  in  which  the  limit  of  load  is  over  650  pounds 
per  inch  in  width  of  tire  without  special  permit  from  State  roads 
commission,  if  a  State  road,  or  proper  local  authorities  of  other 
road.  No  motor  vehicle  of  which  the  weight  of  truck  and  load 
exceeds  14  tons  shall  be  operated  on  any  highway. 

Highway  Officials 

Chairman,  Frank  H.  Zouck;  G.  Clinton  Uhl,  John  F.  Mudd. 

Assistant  to  chairman,  John  E.  George;  chief  engineer,  Henry 
G.  Shirley;  secretary,  Clyde  H.  Wilson;  counsel,  Albert  C.  Ritchie, 
attorney  general. 

Progress  Report 

In  1916, 118  miles  of  new  State  roads  were  begtm,  and  20  miles 
completed,  500  miles  were  oiled  and  1049  miles  were  maintained. 
About  1000  miles  of  the  State  trunk  roads  were  completed  at  the 
end  of  the  year.  On  State  aid  work,  84  miles  of  new  road  were 
started  and  20  miles  finished. 

Road  Funds 

It  is  expected  that  the  legislature  will  make  appropriation  for 
State  road  work  in  1918.  The  State-aid  fimds  furnished  jointly 
by  the  State  and  the  counties  are  expected  to  yield  at  least 
$500,000,  and  the  counties  will  probably  spend  about  $2,000,000 
on  their  roads. 

(Approved  by  Hbnbt  G.  Sbxblbt,  Chief  Enstneer,  State  Roade  Commiwaan  ] 


MASSACHUSETTS 

State  Aid  Legislation 

A  State  highway  commission  consisting  of  three  members 
appointed  by  the  governor  for  a  term  of  tnree  years,  one  term 
expiring  each  year,  has  control  over  the  construction  and  main- 
tenance of  roads,  partially  or  wholly  paid  for  by  the  State. 

The  duties  of  the  commission  relate  to  roads  and  automobiles. 
Its  duties  so  far  as  they  relate  to  roads  are:  (a)  The  collection 
of  statistics  as  to  road  materials  and  road  conditions  in  the  State, 
the  making  of  maps,  the  giving  of  advice  to  local  road  authori- 
ties, etc.;  (6)  the  laying  out  and  construction  of  State  highways, 
the  improvement  of  certain  town  roads,  and  the  supervision  of 
maintenance  of  State  highways. 
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The  state  highways  are  such  as  are  designated  by  the  com- 
mission upon  petition  of  the  city  government,  the  board  of  select- 
men, or  the  county  conmiissioners.  As  soon  as  a  highway 
has  been  thus  designated,  it  passes  imder  complete  jurisdiction 
of  the  State  highway  commission,  which  has  control  not  only  of 
construction  and  maintenance  but  also  of  the  location  of  water 
and  gas  mains,  poles  or  other  structures,  the  planting  or  cutting 
down  of  trees  on  the  right  of  way,  etc. 

The  cost  of  constructing  State  highways  is  borne  as  follows: 
75  per  cent  by  the  State  and  25  per  cent  by  the  county  in  which 
the  highway  is  located,  the  State  paying  the  entire  cost  on  the 
first  instance  and  collecting  as  a  refimd  the  25  per  cent  from  the 
county. 

In  order  to  aid  the  small  towns,  15  per  cent  of  the  amount 
appropriated  annuaUy  for  State  highway  construction  may  be 
expended  as  follows:  5  per  cent  in  towns  of  less  than  $1,000,000 
valuation,  upon  petition,  the  to¥ni  making  no  contribution; 
5  per  cent  in  towns  of  less  than  $1,000,000  valuation,  the  towns 
contributing  an  equal  amount;  and  5  per  cent  in  towns  of  more 
than  $1,000,000  valuation,  the  towns  contributing  an  equal 
amount,  which  amount  must  be  in  excess  of  its  average  annual' 
appropriation  for  roads  for  the  last  five  years. 

This  has  been  amended  by  the  acts  of  1913,  chapter  774,  which 
provides  that  when  any  road  has  been  constructed  or  improved, 
in  whole  or  in  part,  with  money  furnished  by  the  commonwealth, 
and  is  not  laid  out  as  a  State  highway,  the  city,  town,  or  county 
shaU  at  all  times  keep  it  in  good  repair  and  condition.  The 
commission  shall  from  time  to  time  notify  the  authorities  in 
charge  of  the  road  whenever  it  is  not  so  kept  in  condition,  and 
shall  specify  what  repairs  or  improvements  are  necessary,  and 
said  authorities  shall  forthwith  proceed  to  make  the  specified 
repairs  and  improvements.  If  not  made  within  sixty  days  (un- 
less further  time  is  allowed)  the  commission  may  do  the  specified 
work  and  pay  for  the  same  from  any  money  available  for  the 
maintenance  of  State  highways  or  from  the  part  of  the  motor 
vehicle  fees^  fund  available  for  work  on  through  routes  in  the 
towns  (20  per  cent  of  the  net).  The  amount  of  such  expenditures 
shall  be  collected  back  in  the  manner  in  which  the  expense  of 
repairs  on  State  highways  is  collected  (see  above).  The  money 
collected  to  be  avaUable  for  use  for  the  same  purposes  for  which 
the  money  so  expended  was  available,  or  for  the  repair  and  main- 
tenance of  State  highways:  but  in  towns  of  under  $1,000,000 
valuation  not  more  than  $50  a  mile  a  year;  in  towns  with  a  valua- 
tion of  over  $1,000,000  and  under  $2,000,000  not  more  than 
$100  a  mile  a  year,  and  in  towns  with  over  $2,000,000  valua- 
tion not  more  tnan  $200  a  mile  a  year  shall  be  collected  in  any 
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one  year;  but  any  balance  due  may  be  collected  in  succeeding 
years,  the  maximum  collection  in  any  one  year  being  as  above 
stated.  The  commission  may  upon  petition  exempt  any  town 
from  the  whole  or  any  part  of  such  payment  if  in  its  judgment 
said  pa3rment  would  prove  to  be  an  undue  burden. 

The  State  highway  commission  maintains  the  State  high- 
ways at  the  expense  of  the  State  in  the  first  instance,  and  the 
counties  are  required  to  repay  to  the  State  25  per  cent  of  the 
amount  expended  by  the  Stiate  for  maintenance.  This  has  been 
amended  by  the  acts  of  1913,  chapter  773,  so  that  not  exceeding 
$50  a  mile  a  year  is  collected  back  from  towns  of  under  $1,000,000 
valuation;  not  exceeding  $100  a  mile  a  year  from  towns  whose 
valuation  is  from  $1,000,000  to  $2,000,000;  not  exceeding  $200 
a  mile  a  year  from  towns  whose  valuation  is  from  $2,000,000  to 
$5,000,000  and  in  cities  and  towns  of  a  valuation  of  over  $5,000,- 
000,  one-half  said  expenditures,  not  exceeding  $2000  a  mile  in 
the  aggregate,  and  not  exceeding  $500  a  mile  in  any  one  year, 
shall  be  made  a  part  of  the  State  tax  and  collected,  and  any  bal- 
ance due  may  be  made  a  part  of  the  State  tax  for  the  succeed- 
ing three  years.  The  amount  collected  shall  be  credited  to  the 
appropriation  for  State  highways,  to  be  used  again  by  the  com- 
mission. 

The  State  road  revenues  are  derived  from  State  bond  issues, 
usually  authorized  for  five  years,  one-fifth  of  the  amount  author- 
ized to  be  issued  each  year  during  the  five-year  period.  The 
present  bond  issue  is  at  the  rate  of  $1,000,000  per  annum.  Of 
the  automobile  fees  and  fines,  after  deducting  the  expense  of  ad- 
ministering the  automobile  department,  80  per  cent  is  applied 
to  the  maintenance  of  State  highways,  and  20  per  cent  is  spent 
on  through  routes  in  the  towns.  The  net  fees,  fines,  etc.,  now 
amount  to  from  $1,500,000  to  $1,600,000  per  annum.  In  addition, 
the  legislature  makes  direct  appropriations  from  time  to  time 
to  meet  special  expenses  and  additonal  maintenance  cost.  The 
towns  in  1916  appropriated  over  $391,000  of  their  own  money 
to  go  with  the  $150,000  State  aid  money  and  the  $250,000  motor 
vehicle  fee  money  appropriated  by  the  Commission  for  road 
improvement  in  the  towns.  The  counties  appropriated  $123,000 
to  go  with  this  money,  making  about  $900,000  in  all  available  for 
the  improvement  of  these  secondary  roads.  Work  was  done  in 
206  towns  with  these  two  funds  in  addition  to  the  building  of 
State  highways. 

As  indicating  the  manner  in  which  the  law  is  carried  out  in 
relation  to  road  construction  by  the  State  highway  commission, 
it  may  be  stated  that  contracts  are  awarded  by  the  commission 
to  the  city  or  town  in  which  the  highway  is  to  be  laid  out,  if  prices 
are  satisfactory  to  the  commission  and  if  the  contract  is  accept*- 
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able  to  the  local  authorities.  The  work  is  then  done  by  the  local 
authorities  under  the  direction  of  the  commission  and  its  engi- 
neers. The  contracts  for  State  highway  construction  are  usually 
based  on  given  unit  prices  for  each  item  of  work,  while  the  small 
town  contracts  are  on  the  liunp-sum  basis.  If  the  local  authori- 
ties do  not  take  the  contract,  bids  are  advertised  for  and  awarded 
in  the  usual  way. 

The  organization  of  the  commission  is  as  follows:  A  central 
office  at  Boston  with  three  commissioners,  a  secretary,  the  va- 
rious assistants  in  the  highway  department,  the  motor-vehicle 
department,  and  a  chief  engineer.  The  State  is  divided  into 
four  divisions  each  in  charge  of  a  division  engineer,  who  has  the 
necessary  assistants  and  resident  engineers,  who  are  employed 
directly  on  the  work.    State  issues  bonds  for  road  construction. 

Local  Road  Legislation 

The  local  roads  are  under  the  boards  of  selectmen  of  the  towns 
or  under  a  superintendent  of  streets,  or  under  district  road  sur- 
veyors, as  the  town,  from  time  to  time  determine.  The  county 
commissioners  may,  upon  petition,  lay  out  new  roads  or  make 
specific  improvements,  and  may  direct  towns  and  cities  to  make 
such  improvements. 

Convict  Labor  Law 

By  Chapter  633  of  the  acts  of  1913  there  was  a  provision  for 
using  prisoners  in  improving  waste  and  unused  land.  In  1914 
this  act  was  amended  so  that  the  county  commissioners  could 
make  arrangements  with  the  officials  of  any  city  or  town  or  with 
the  highway  commission  to  work  prisoners  on  any  highway, 
the  prisoners  to  be  in  the  custody  of  the  sherifif  of  the  county. 
When  land  that  is  not  the  property  of  the  county,  or  is  a  highway, 
is  so  improved,  the  owners  thereof  or  those  having  in  charge  the 
highway  shall  pay  to  the  county  such  sums  as  may  be  agreed  upon 
between  the  county  commissioners,  sheriff,  and  the  other  parties 
in  interest,  for  the  labor  of  any  prisoners  employed  thereon. 

There  were  li  miles  of  macadam  road  built  in  1915  under  the 
provisions  of  tins  act,  solely  by  the  labor  of  prisoners,  and  IJ 
miles  were  built  in  1916,  undoubtedly  more  will  be  built  in  the 
near  future. 

Civil  Service  Laws  Applicable  to  Road  Officials 

In  all  work  of  any  branch  of  the  service  of  the  commonwealth, 
or  of  any  city  or  town  therein,  citizens  of  the  commonwealth 
flhaU  be  given  preference.  The  civil  service  commission  shall 
not  place  upon  its  list  any  person  not  a  citizen  of  the  United 
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States.  If  an  appointing  officer,  by  reason  of  the  non-existence 
of  an  eligible  list,  shaU  appoint  under  provisional  authority  from 
the  civil  service  commission  a  person  not  a  citizen  of  the  United 
States,  he  shall  discharge  the  person  so  appointed  and  appoint 
from  the  eligible  list,  whenever  the  civU  service  commission 
shall  have  established  a  list  of  the  proper  class.  When  the  at- 
tention of  tiie  civil  service  is  called,  by  a  complaint  on  the  part 
of  the  citizens,  to  the  employment  of  a  non-citizen  when  there 
is  an  eligible  list,  the  commission  shall  take  steps  to  enforce  the 
dimoissal  of  such  non-citizen  and  make  an  appointment  in  his 
stead  from  the  suitable  eligible  list.  A  penalty  is  provided  for 
appointing  officers  continuing  the  employment  of  a  non-citizen 
for  a  period  of  ten  days  after  having  due  notice  of  such  unlaw- 
ful emplosrment. 

Automobile  Registration 

The  law  provides  for  annual  registration  with  the  State  high- 
way commission.  The  registration  fees  are  as  follows:  Less  than 
20  h.p.,  $5;  20  to  29  h.p.,  $10;  30  to  39  h.p.,  $15;  40  to  49  h.p., 
$20;  50  h.p.  and  over,  $25;  motor  cycles,  $2;  aU  commercial  auto- 
mobiles and  trucks,  $5  for  each  one  of  one  ton  capacity  and  $3 
additional  for  each  additional  ton  or  fraction  thereof;  dealers  and 
manufacturers,  $25 ;  and  $5  for  each  additonal  car  over  five  demon- 
strated on  the  roads;  dealers  and  manufacturers  motor  cycles  only, 
$10;  operators,  including  owners,  $2,  renewal  fee  $1  a  year.  Non- 
residents are  exempt  to  such  an  extent  as  the  State  of  their  resi- 
dence grants  exemption  to  the  residents  of  the  State  of  Massa- 
chusetts. The  term  "non-residents"  is  defined  to  be  those  who 
have  no  regular  place  of  abode  or  business  in  the  State  of  Massa- 
chusetts for  a  period  of  more  than  30  days  in  the  calendar  year. 

The  net  registration  revenue  shall  be  expended  under  the  direc- 
tion of  the  State  highway  commission  for  maintenance  of  State 
highways,  provided  that  an  amount  not  exceeding  twenty  per 
cent  of  such  reveune  may  be  expended  by  the  Commisrion  for  the 
repair,  improvement  and  construction  of  local  roads  used  as  through 
routes.  All  fines  and  forfeitures  are  credited  to  the  same  fund  as 
registration  receipts. 

Highway  Officials 

State  Highway  Commission,  Boston. — William  D.  Sohier,  chair- 
man; Frank  D.  Kemp,  James  W.  Synan,  Frank  I.  Bieler,  secretary; 
Arthur  W.  Dean,  chief  engineer. 

Progress  Report 

About  54  miles  of  State  highway  were  laid  out  during  1916, 
and  work  was  completed  on  over  48  miles  that  were  laid  out  in 
1916.     The  commissioners  have  constructed  in  all  under  the 
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"small  to¥ni"  act  over  527  miles,  and  with  the  money  available 
from  the  motor  vehicle  fees  for  use  in  the  towns  nearly  270  miles 
of  road  have  been  constructed  and  improved,  and  from  special 
appropriations  over  76  miles  have  been  constructed.  During 
1916  over  187  miles  of  road  were  constructed  and  improved  by 
the  Commission  with  the  money  available  from  all  sources,  in- 
cluding the  $391,000  contributed  by  the  towns  and  the  $123,000 
contributed  by  the  coimties.  The  conunission  has  been  doing 
work  in  341  cities  and  towns  out  of  354  in  the  State,  under  the 
"small  town"  act.  State  highway,  motor  vehicle  fees,  etc. 

Of  State  highways  constructed  in  1916,  6.46  miles  were  bitumi- 
nous macadam,  1.71  miles  waterboimd  macadam  which  will  be 
covered  with  bituminous  binder,  0.75  mile  gravel,  11.48  miles 
sand  and  oil,  3.51  miles  of  concrete,  2.16  imles  of  bituminous 
gravel,  4.53  miles  of  gravel  with  light  oil. 

There  were  139.09  miles  of  road  completed  in  1916  from  State 
highway,  State  aid,  and  special  fimds.  Of  this  11.22  miles  were 
waterbound  macadam,  46.25  miles  gravel,  14.95  miles  sand  bound 
witii  oil  and  asphalt,  18.61  miles  macadam  with  bituminous  binder 
incorporated  in  the  top  course,  15.04  miles  waterbound  macadam 
with  an  oil  surface  applied,  3.93  miles  gravel  with  the  top  surface 
bound  with  bituminous  binder,  5.17  niUes  cement  concrete,  10.93 
mQes  gravel  with  an  oil  surface  applied,  0.82  mile  broken  stone 
and  tar  mix,  0.38  mile  Warrenite,  0.06  mile  granite  block  on  a 
concrete  foundation,  and  8.25  miles  dirt  roads  surfaced  with  the 
best  available  material. 

The  Commission  has  continued  to  fill  in  the  gaps  on  the  through 
roads  as  rapidly  as  possible,  and  almost  all  cities  and  town  have 
codperated  so  that  a  number  of  the  main  through  lines  will  soon 
be  completed. 

During  1916  bituminous  materials  were  used  on  practically  all 
of  the  1155  miles  of  State  highway.  Over  51}  miles  of  the  older 
roads  were  resurfaced  and  64  miles  of  the  older  roads  were  also 
widened  from  15  to  18  feet  with  21  feet  on  curves.  About 
4,000,000  gallons  of  bitiuninous  materials  were  used. 

The  toted  expenditures  for  road  purposes  by  the  cities  and  towns 
were  $12,032,670.  This  includes  the  money  which  was  expended 
by  the  cities  and  towns  in  connection  with  the  work  done  by  the 
State  commission,  but  does  not  include  the  money  expended  by 
the  counties.  The  mileage  and  classification  of  improved  roads 
in  the  State  at  the  close  of  1916  were  as  follows:  gravel  roads, 
7956  miles;  plain  macadam  roads,  2074  miles;  bituminous  mac- 
adam roads,  565  miles;  macadam  with  oil  or  tar  coat,  1375  miles; 
pavement,  467  miles;  dirt  roads,  10594  miles;  a  total  of  23,031 
miles.  No  doubt  more  roads  were  improved  by  the  cities  and 
towns  but  the  data  are  not  available. 
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Road  Funds 

The  yearly  appropriation  by  the  cities  and  towns  in  Massa- 
chusetts for  highways  and  bridges  was  $12,032,000.  The  cities 
and  towns  have  also  an  excise  and  franchise  tax  available  from  the 
street  railway  companies,  amoimting  to  $1,633,919  in  1914,making 
a  total  of  about  $13,665,919.  These  taxes  were  collected  for  1914, 
•  and  apply  approximately  to  1915  and  1916.  These  expenditures 
were  those  made  by  the  cities  and  towns  but  did  not  include  the 
expenditures  of  the  State  for  State  highways,  State  aid  roads,  etc. 

The  State  highway  commission  expended  in  1916  for  new  con- 
struction, including  State  highways  and  "small  town"  work  and 
the  work  done  with  money  obtainable  from  the  motor  vehicle 
fees,  $777,910.10.  It  spent  under  special  acts  $504,089.69  on 
several  routes,  making  $1,281,999.79.  It  had  available  for  con- 
struction imder  special  acts  of  the  legislature  $468,662.57,  making 
a  total  of  $1,750,662.36. 

It  also  expended  for  the  maintenance  of  highways,  bridges,  etc., 
$1,332,024.27;  for  general  office  expenses,  salaries  of  the  commis- 
sioners, etc.,  $74,679.38.  The  automobile  department,  which 
has  to  investigate  automobile  accidents,  care  for  the  registration 
of  cars  and  the  issuing  of  number  plates,  etc.,  expended  $153,- 
919.77.  The  total  expenditure  of  the  department  was  $2,871,- 
923.01.  The  total  expenditures  for  highways  by  the  cities  and 
towns  and  the  State  amounted  to  $14,594,420,  this  including  the 
$123,000  spent  by  the  counties. 

In  1917  the  State  highway  department  has  available  from 
the  loan  fimd  for  State  highway  work  and  "small  town"  work, 
$1,000,000;  for  work  in  the  towns  under  the  motor  vehicle  fees 
act,  about  $294,000,  and  for  the  maintenance  of  bridges  $27,500; 
for  the  repair  and  maintenance  of  State  highways  from  the  tax 
levy,  probably  $415,000,  and  from  the  motor  vehicle  fee  fund 
about  $1,200,000.  There  is  also  available  from  certain  special 
acts  of  the  legislature  requiring  the  construction  of  particular 
roads,  an  imexpended  balance  of  $513,000;  imder  a  special  act 
for  improving  17  different  routes  in  38  towns  and  one  city,  $500,000 
or  more  is  available  this  year  for  the  improvement  of  163  iniles 
of  road;  also  $38,000  for  tree  work  and  the  maintenace  of  road 
machinery;  making  a  total  to  be  expended  by  this  department  in 
1917  of  $3,987,500.  To  this  should  be  added  from  $300,000  to 
$400,000  that  wiU  undoubtedly  be  appropriated  by  the  towns 
and  cities  to  be  used  with  the  State  funds;  the  counties  will  also 
appropriate  from  $100,000  to  $200,000  to  be  expended. 

There  are  a  large  number  of  propositions  relating  to  particular 
roads  now  pending  before  the  legislature,  some  of  which  may 
become  a  law  and  additional  appropriations  may  be  made  for 
the  purpose  of  constructing  particular  roads. 

(Approved  by  Col.  Wv.  D.  Sobibb,  Cbainnan,  State  Hichway  Conununon.! 
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MICHIGAN 

State  Aid  Legislatian 

The  law  provides  that  m  1913  and  every  four  years  thereafter 
a  State  highway  commissioner  shall  be  nominated  and  elected 
by  the  people  at  the  same  time  and  in  the  same  manner  as  the 
jostioee  of  the  supreme  court.  He  is  required  to  be  a  citizen  of 
the  State  and  may  appoint  a  deputy,  who  shall  be  a  civil  engineer. 
skilled  in  road  building,  and  such  other  assistants  as  may  be  neces- 
sary. His  duties  are  to  give  instruction  in  road  and  bridge  con- 
struction and  maintenance,  to  collect  statistics,  and  distribute 
State-reward  funds  or  any  funds  given  to  the  State  for  such  pur- 
poses by  the  United  States  government  or  by  individuals.  He 
18  required  to  give  expert  advice  to  the  local  authorities  and  is 
required  to  make  a  map  of  every  township  in  the  State  showing 
the  roads  and  their  condition  and  the  location,  kind,  and  quan- 
tity of  road  materials,  etc.  His  decision  is  final  as  to  whether 
a  road  merits  State  reward,  and  he  may  withhold  any  portion 
of  the  reward  until  the  road  has  been  thoroughly  tested. 

Whenever  any  township  board  or  board  of  county  commisssioner 
or  good  roads  district  commissioners  have  made  arrangements  to 
improve  a  mile  or  more  of  public  road  by  constructing  a  sand- 
clay,  gravel,  stone-gravel,  gravel-stone,  macadam,  concrete  or 
brick  road  and  ask  for  an  allotment  of  State  reward,  and  file 
with  the  State  highway  department  a  profile  of  the  highway  to 
be  improved,  and  make  application  for  plans  and  general  specifi- 
cations, the  State  highway  commissioner  shall  furnish  the  plans 
and  specifications  and  allot  the  funds  from  the  State  treasury  as 
the  State  reward  if,  after  completion,  he  finds  the  road  to  be  up 
to  the  required  standard.  Each  surveyed  township  is  entitled  to 
receive  State  reward  on  no  less  than  1  or  more  than  4  miles  of 
road  in  any  one  fiscal  year.    The  reward  is  allotted  as  follows: 

a.  Each  mile  of  well  graded  road,  with  grade  not  exceeding 
6  per  cent,  except  where  found  impracticable  and  a  steeper  grade 
is  recommended  after  examination  by  the  State  highway  com- 
missioner, width  not  less  than  20  feet  between  side  ditches,  prop- 
erly drained,  with  travel  track  not  less  than  9  feet,  made  of  a 
mixture  of  sand  and  clay,  shall  merit  if  approved  by  the  State 
highway  commissioner,  a  reward  of  $250  per  mile,  aud  pro  rata 
fcHT  extra  miles,  with  an  extra  $25  for  each  additional  foot  in  width 
of  metaled  surface  in  excess  of  9  feet  up  to  and  including  16  feet. 

b.  Every  mile  of  well  graded  road  having  not  to  exceed  6  per 
cent  grade,  except  where  found  impracticable  and  a  steeper  grade 
is  recommended  after  examination  by  the  State  highway  com- 
missioner, width  not  less  than  20  feet  between  ditches,  well  drained, 
travel  track  not  less  than  9  feet,  surface  not  less  than  8  inches 
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compacted  gravel  applied  in  not  less  than  two  courses,  each  rolled 
separately,  shall  merit,  if  approved  by  the  State  highway  com- 
missioner, a  reward  of  $500  per  mile,  with  an  extra  $50  per  mile 
for  each  additional  foot  in  width  of  metaled  surface  m  excess  of 
9  feet  up  to  and  including  16  feet. 

e.  Every  mile  of  well  graded  road  havmg  not  to  exceed  6  per 
cent  grade,  with  not  less  than  20  feet  between  ditches,  well  dramed, 
travel  track  not  less  than  9  feet  and  having  a  foundation  not 
less  than  4  inches  of  crushed  stone,  slag  or  other  material  com- 
pacted, and  top  course  of  layer  of  gravel  not  less  than  3  inches, 
shall  merit,  if  approved  by  the  State  highway  commissioner,  a 
reward  of  $750  per  mile,  with  an  extra  $75  for  each  additional 
foot  in  width  of  metaled  surface  in  excess  of  9  feet  up  to  and 
including  16  feet. 

d.  Every  mile  conforming  to  the  above  conditions  as  to  grade, 
width,  drainage,  etc.,  and  having  a  bottom  course  of  gravel, 
slag  or  other  material  not  less  than  4  inches  thick  after  rolling 
and  a  top  course  of  crushed  stone  not  less  than  3  inches  thick 
after  rolling  shall  merit,  if  approved,  a  reward  of  $750  per  mile, 
with  an  extra  $75  per  mile  for  each  additional  foot  m  width 
of  metaled  surface  in  excess  of  9  feet  up  to  and  including  16  feet. 

e.  Every  mile  conforming  to  the  foregoing  as  to  width,  grade, 
drainage,  etc.,  and  having  a  surface  of  well  compacted  macadam 
not  less  than  6  inches  thick  at  edges,  7  inches  at  center  laid  in  not 
less  than  two  courses,  each  properly  bonded,  shall  merit,  if  ap- 
proved, a  reward  of  $1000  per  mile,  with  an  extra  $100  per  mile 
for  eacn  additional  foot  ia  width  of  metaled  surface  in  excess  of 
9  feet  up  to  and  including  16  feet. 

/.  Every  mile  conforming  to  the  foregoing  as  to  grade, 
drainage,  etc.,  and  having  properly  laid  concrete  not  less  than 
6  inches  in  thickness  with  or  without  a  paving  brick  surface, 
shall  merit,  if  approved,  a  reward  of  $900  per  mile,  with  an 
extra  $100  per  mile  for  each  additional  foot  in  width  of  metaled 
surf  ace  in  excess  of  8  feet  up  to  and  including  16  feet. 

0.  Every  mile  conforming  to  the  foregoing  as  to  grade, 
drainage,  etc.,  and  consisting  of  a  paving  brick  surface  laid  on 
gravel,  sand,  broken  stone  or  slag,  the  quality  of  brick,  manner 
of  laying  ana  kind  of  inspection  employed  to  be  made  to  comply 
with  the  specifications  nuide  by,  or  approved  by  the  State  high- 
way commissioner,  shall  merit,  if  approved,  a  reward  of  $900 
per  mile,  with  an  extra  $100  per  mile  for  each  additional  foot 
in  width  of  metaled  surface  in  excess  of  8  feet  up  to  and  including 
16  feet. 

Firm  earth,  gravel  or  macadam  shoulders  must  be  placed  on 
each  side  of  the  concrete  and  brick  8-foot  metal  track. 

Two  or  more  townships  may  act  jointly  in  the  improvement 
of  boundary  line  roads. 
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The  state  highway  department  is  required  to  design,  construct 
and  maintain  M.  bridges  of  30  feet  clear  span  and  over  on  State 
trunk  line  roads,  provided  the  county,  township  or  good  roads  dis- 
trict agrees  to  construct  at  least  3  miles  of  road  including  the 
bridge  site.  The  State  highway  department  is  required  to  de- 
sign, construct  and  maintain  all  bridges  of  more  than  30  feet 
clear  span  on  State  reward  roads,  if  the  county,  township  or  good 
roads  district  spends  in  building  the  road  or  roads  including  the 
bridge  site  an  amount,  not  including  the  State  reward,  equal  to 
the  estimated  cost  of  the  bridge  plus  the  State  reward  merited. 

The  1913  legislature  of  Midiigan  passed  what  is  known  as  the 
tmnk  line  highway  act,  which  delineates  certain  highways  lead- 
ing from  town  to  town  in  the  State,  totalling  about  3000  miles, 
upon  which  townships  and  counties  will  be  entitled  to  double  the 
State  rewards  mentioned  above,  when  they  build  roads  accord- 
ing to  specifications  drawn  by  the  State  highway  department. 
The  fixing  of  the  location  of  these  routes  between  towns,  the 
preliminary  surveys  and  the  drafting  of  specifications  are  in  the 
hands  of  the  State  highway  department,  while  the  construction 
of  the  roads  is  in  the  hands  of  the  townships  and  counties  through 
which  they  pass.  The  law  provides  that  the  total  allowable 
mileage  of  trunk  lines  in  any  county  may  equal  the  number  of 
surveyed  townships  multiplied  by  3.  On  this  basis  the  total 
allowable  mileage  of  trunk  lines  is  4785. 

The  1915  legislature  authorized  the  local  township  officials  or, 
where  the  county  road  system  had  been  adopted,  the  county 
highway  officials  and  the  State  highway  commissioner,  to  lay  out 
additional  trunk  line  mileage  up  to  3  males  per  surveyed  township. 

Local  Road  Laws 

The  commissioner  of  highways  of  each  township  has  charge  of 
town  roads  and  the  board  of  county  road  commissioners  of  each 
county  adopting  that  system  has  charge  of  county  roads. 

The  Assessment  District  Law  provides  that  a  petition  signed  by 
51  per  cent  of  the  abutting  land  owners  may  be  presented  to  the 
board  of  coimty  road  commissioners  where  the  county  road  sys- 
tem is  in  force  or  to  the  State  highway  commissioner  elsewhere 
for  the  improvement  of  not  less  than  2  miles  of  road.  Not  less 
than  25  per  cent  nor  more  than  75  per  cent  of  the  cost  is  borne  by 
the  local  assessment  district  and  the  remainder  by  the  townships 
benefited  or  the  county  where  the  coimty  road  system  is  in  force . 

Road  Bond  Legislation 

The  township  board  of  any  organized  township,  upon  petition 
of  at  least  twenty-five  freeholders  thereof,  may  submit  to  an  elec- 
tion the  proposition  of  issuing  bonds  of  the  township  in  an  amount 
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not  exceeding  5  per  cent  of  the  asseesed  valuation  thereof,  for 
improving  the  roads  therein  under  the  commiaaioner  of  highways, 
subject  to  direction  of  the  township  board  a  majority  of  the  legal 
votm  voting  is  necessary  to  authorLse  the  bond  issue.  These 
bonds  shall  bear  not  to  exceed  6  per  cent  mterest  and  shall  run  not 
to  exceed  twenty-five  years,  and  a  tax  shall  be  levied  annually  to 
meet  the  interest  and  principal  as  fast  as  they  become  due. 

Coxmties  that  have  adopted  the  county  road  system  may  issue 
bonds  to  pay  for  such  improvements  as  the  commissioners  of  high- 
ways  decide  to  make,  in  an  amount  not  exceeding  3  per  cent  of 
the  valiiation  of  property  assessable  for  this  purpose.  Before 
issuing  these  bonds,  the  county  bouxi  of  supervisors  must  order  an 
election  to  decide  on  the  issue.  A  majority  of  votes  cast  is  re- 
quired to  authorize  the  bond  issue.  Bonds  shall  not  be  sold  for 
less  than  par  and  shall  run  for  not  exceeding  twenty  years.  The 
rate  of  interest  and  method  of  payment  are  not  specified. 

Convid  Labor  Law 

County  road  officials  may  direct  the  employment  of  county 
prisoners  confined  for  petty  offenses,  upon  tJie  highways  of  the 
county. 

The  wardens  of  the  State  penitentiaries  may,  upon  proper 
application  from  highway  officiaJs,  put  State  prisoners  to  work  in 
the  same  manner  as  county  prisoners.  State  convicts  may  also 
be  used  in  surface  quarries  and  stone  yards  in  preparing  material 
to  be  used  on  the  public  highways. 

Automobile  Registration 

All  automobUes  must  be  registered  annually  with  the  secretary 
of  State.  The  fees  for  steam  and  gasoline  vehicles  are  25  cents 
per  horse  power  plus  25  cents  per  100  lbs.  weight.  The  fees  for 
electric  vehicles  are  $1  per  horse  power  plus  25  cents  per  100  lbs. 
weight.  Half  the  money  is  returned  to  the  coimties  for  road  pur- 
poses and  half  is  paid  into  the  State  reward  fund. 

Highway  OffidaU 

Frank  F.  Rogers,  State  highway  commissioner,  Lansing;  Leroy 
C.  Smith,  deputy  highway  commissioner. 

Progress  Report 

During  the  fiscal  year  ending  Jime  30,  1016,  1092.844  miles  of 
road  were  accepted  for  State  reward,  thus  brindng  the  total 
mileage  constructed  under  the  supervision  of  the  State  highway 
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department  up  to  4,289.310  miles.  It  is  estimated  that  at  least 
1200  miles  will  be  built  during  the  1917  fiscal  year.  Approxi- 
mately 5000  miles  were  completed  January  1,  1917. 

The  sum  of  $604,173.48  was  expended  during  1916  in  the  pay- 
ment of  construction  and  repair  rewards  on  ordinary  State  re- 
warded roads.  Hie  payment  of  rewards,  making  surveys,  and 
construction  of  bridges  on  trunk  line  roads  totalled  $353,032.51 
diuring  the  1916  fiscal  year.  The  departmental  expenses  were 
$25,732.95. 

Thirty  trunk  line  bridges  were  built  during  the  1916  fiscal  year, 
in  the  construction  of  which  $100,758.75  was  expended. 

Road  Funds 

For  1917  the  amount  credited  to  the  State  highway  funds  is 
estimated  at  $1,580,000,  distributed  as  follows: 

Automobile  tax  (estimated) $1,000,000 

Trunk  line  fund 660,000 

Expenae  fund 30,000 

Roughly,  about  $10,000,000  will  be  expended  by  the  counties 
and  townships  of  iixe  State  in  the  construction  of  roads  during 
1917.  Several  counties  voted  large  bond  issues  for  road  building 
at  the  November  election  in  1916.  Among  these  were:  Genesee 
county,  $1,000,000,  Calhoun  coimty,  $800,000,  Ontonagon  county, 
$195,000,  and  Baraga  county,  $125,000. 

lAiq>iDved  by  Fbamx  F.  Roobbs,  State  Hishway  Commiflaion«r.] 

MINNESOTA 

Siate  Aid  Legislation 

The  State  highway  commission  consists  of  three  members 
appointed  by  the  governor  and  holding  office  for  three  years 
and  serving  without  compensation,  one  new  commissioner  to 
be  appointed  each  year.  The  commission  holds  meetings  not 
less  than  once  in  each  month  and  appoints  a  secretary  who  shall 
be  a  civil  engineer  and  practical  road  builder  and  be  known  as 
the  State  engineer,  and  holds  office  subject  to  the  pleasure  of  the 
commission.  They  may  also  employ  other  assistants  and  fix 
their  compensation.  The  commission  shall  make  report  to  the 
governor  annually. 

The  State  engineer  is  required  to  give  advice  under  the  rules 
of  the  commission  and  to  perform  such  other  engineering  services 
for  other  State  departments  as  the  governor  may  require.  He 
shall  make  all  necessary  surveys,  establish  grades,  prepare  plana 
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and  specifications,  and  have  supervision  of  all  work  on  State 
roads.  He  shall  make  an  annual  inspection  of  all  bridges  exceed- 
ing 30  feet  in  length,  shall  make  report  on  their  condition  with 
recommendations  to  the  State  highway  commission  and  county 
boards.  The  commission  is  authorized  to  investigate  the  loca- 
tion of  road  materials,  investigate  methods  of  construction, 
systems  of  road  administration,  hold  public  meetings,  and  ap- 
portion State  aid. 

A  State  road  fund  is  created  by  an  annual  tax  levy  of  1  mill 
on  each  dollar  of  valuation,  together  with  all  money  accruing 
from  investments  in  the  internal  improvement  land  fund,  5  per 
cent  from  the  sale  of  U.  S.  land,  proceeds  from  milk  and 
cream  testing  licenses,  and  the  net  proceeds  from  motor  vehicle 
licenses.  The  State  highway  commission  allots  this  fund  to  the 
various  coimties,  but  no  .county  shall  receive  in  one,  year  more 
than  3  per  cent  nor  less  than  1  per  cent.  Twenty  per  cent  of  the 
allotment  shall  be  used  only  for  maintenance  of  State  roads  and 
bridges.  In  determining  the  percentage  accruing  to  each  county 
the  commission  shall  take  into  consideration  the  area,  the  amount 
of  money  expended  in  road  construction,  the  diflBiculty  and  ex- 
pense of  such  construction,  and  the  extraordinary  expense  con- 
nected with  the  development  of  new  territory. 

Any  county  board  may  with  the  consent  of  the  highway  com- 
mission designate  any  established  road  in  the  county  as  a  State 
rond,  and,  if  the  cost  does  not  exceed  $500,  cause  surveys  to  be 
made  when  necessary  by  a  State  assistant  engineer  and  then 
proceed  with  the  construction.  If  the  cost  is  over  $500  the 
county  board  shall  cause  survey  and  plans  and  specifications 
to  be  made  by  the  assistant  State  engineer  and  submit  the  same 
to  the  State  highway  commission  for  approval.  When  such 
approval  has  been  obtained  the  coimty  board  proceed3  to  do  the 
work  under  the  supervision  of  the  assistant  State  engineer,  who 
acts  under  instructions  of  the  State  engineer.  After  completion, 
if  the  State  highway  commission  approves  the  work,  the  State 
engineer  certifies  to  the  same  and  a  warrant  is  issued  by  the 
State  auditor  for  a  share  as  provided  by  the  law  of  the  amount 
expended,  but  in  no  case  shall  the  warrant  exceed  the  amount 
allotted  to  such  county.  The  assistant  engineers  throughout 
the  State  are  appointed  by  the  State  highway  commission  and 
act  under  the  instructions  of  the  State  engineer.  The  appro- 
priation for  State  highway  department  is  $100,000  per  annum. 

Local  Road  LegislaUon 

Jurisdiction  over  local  roads  lies  with  the  county  and  township 
boards.    The  counties  are  required  to  construct  and  maintain 
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State  roads  and  must  construct  county  roads.  To  finance  this 
work  the  county  board  is  authorized  to  levy  not  to  exceed  3  mills 
each  year  and  receive  State  aid  in  proportion  to  the  valuation  of 
the  county.  The  bounty  may  purchase  machinery  and  do  its 
work  by  contract  or  day  labor.  The  counties  generally  have  a 
superintendent  in  charge  of  the  work  for  the  county  board. 
County  roads  are  laid  out  by  petition  of  24  or  more  voting  free- 
holders and  a  road  which  has  been  traveled  for  six  or  more  years 
also  becomes  a  county  road  by  adverse  possession.  Towns  are 
required  to  construct  township  roads  and  to  maintain  county  and 
township  roads.  Each  town  constitutes  a  road  district  and  there 
is  one  overseer  with  necessary  assistants  to  supervise  the  work 
under  the  direction  of  the  town  board.  The  electors  may  vote  a 
tax  on  the  town  not  exceeding  15  mills,  and  subsequently  the  town 
board  may  in  case  of  emergency,  levy  an  additional  5  mills,  the 
proceeds  of  which  constitutes  the  town  road  and  bridge  fund. 
This  fund  is  used  for  construction  and  improvement  of  town 
roadSi  for  which  contracts  are  entered  into,  or  the  work  is  done 
by  day  labor,  as  the  town  board  elects.  There  is  also  a  compul- 
sory tax  of  1  mill  levied  by  the  county  auditor,  and  paid  to  the 
town,  which  forms  the  dragging  fund,  used  only  for  dragging  the 
township  and  county  roads  and  for  purchasing  drags. 

Road  Band  LegialaUan 

On  petition  of  50  or  more  voters  who  are  freeholders  of  the 
county,  the  county  commissioners  may  submit  to  vote  the  propo- 
sition of  issuing  county  bonds  for  road  purposes.  If  a  majority  of 
those  voting  are  in  favor  of  the  propositioui  the  county  board 
shall  issue  mnds  of  the  county  in  such  amount  as  will  not,  with 
existing  indebtedness,  make  the  total  indebtedness  of  the  county 
exceed  15  per  cent  of  the  assessed  valuation  of  taxable  real  property 
therein.  These  bonds  shall  bear  not  to  exceed  6  per  cent  interest, 
shall  have  coupons  attached,  and  shall  be  paid  in  equal  install- 
ments— ^the  first  to  become  due  and  payable  not  less  than  five  years 
after  the  date  thereof,  and  the  last  not  more  than  twenty  years 
after  such  date. 

The  town  board,  to  make  extraordinary  improvements  that  will 
cost  more  than  the  town  is  otherwise  authorised  to  appropriate, 
on  petition  of  15  or  more  voters  of  the  town  owning  real  estate 
therein,  may  submit  the  question  of  the  improvement  to  the  next 
annual  town  meeting,  or,  if  so  requested,  may  call  a  special  town 
meeting  to  vote  on  tiie  question,  and  a  60  per  cent  majority  vote 
•haU  authorize  the  improvement.  The  town  board  may  then 
issue  bonds  of  the  town  to  raise  the  necessary  funds.  The  amount 
of  these  bonds,  with  the  existing  indebtedness  of  the  town«  shidl 
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not  exceed  5  per  cent  of  the  assessed  valuation  thereof.  Such  bonds 
shall  bear  not  to  exceed  6  per  cent  interest,  shall  have  coupons 
attached,  and  shall  be  due  in  ten  equal  instaUments,  the  first  of 
which  shall  become  due  and  payable  not  more  than  eighteen  months 
after  date,  and  one  each  consecutive  year  thereafter.  A  tax 
shall  be  levied  to  pay  the  interest  and  principal  of  such  bonds  as 
they  become  due. 

Conmd  Labor  Law 

No  lepslation  providing  for  convict  labor  upon  highways. 
They  may  be  used  for  crushing  stone  for  highway  purposes  on  tiie 
prison  grounds. 

AtUomobile  Regiatratian 

The  law  provided  for  triennial  registration  with  the  secretary 
of  State.  Registration  fees  are  as  follows:  All  motor  yehiclesi 
$1.50;  dealers  and  manufacturers,  one  machine  in  each  class,  910; 
chauffeur's  license,  13. 

After  January  1,  1918,  the  fee  will  be  $5  for  the  triennial  period 
beginning  then;  after  January  1,  1919,  the  fee  wiU  be  13.50  for 
the  two  following  years,  and  after  January  1,  1920,  the  fee  for 
that  year  will  be  $2.00;  after  January  1, 1918,  dealers'  registration, 
$20,  and  $1  for  each  extra  set  of  tags. 

The  net  registration  revenue  is  paid  to  the  State  treasury  to  the 
credit  of  the  general  fund.    It  amounted  to  $80,000  in  1916. 

Highway  Officiah 

State  Highway  Commission^  St.  Paul. — C.  M.  Babcock,  chair- 
man; Fred  B.  Ljmch,  Clarence  I.  McNair.  George  W.  Cooley, 
State  engineer  and  secretary  of  commission;  John  H.  Mullen, 
chief  road  deputy;  Carl  E.  Nagel,  chief  bridge  deputy;  S.  C. 
Notestein,  chief  clerk. 

Progress  Report 

In  1916,  the  work  done  comprised  about  1,400  miles  of  grad- 
ing, 1,100  miles  of  grading  and  graveling,  12,000  miles  of  State 
maintenance  and  400  bridges.  Tliis  work  cost  about  $4,500,000 
and  does  not  include  any  of  the  town  and  miscellaneous  county 
work. 

lAppioved  by  Oborob  W.  Coolbt,  State  Eosmeer.] 
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MISSISSIPPI 

State  Aid  Legialation 

In  1916,  a  State  highway  commission  was  created  but  no  pro- 
vision has  been  made  for  the  use  of  State  funds  for  road  construc- 
tion. The  law  creating  the  department  provides  that  if  the  legis- 
lature approves  a  bond  issue  for  carrying  out  the  commission's 
recommendations,  the  issue  must  be  authorized  by  a  majority 
vote  of  the  electors.  The  conmiission  and  the  State  hi^way 
engineer  appointed  by  it  constitute  the  State  highway  depart- 
ment. 

The  State  highway  engineer  is  required  to  plan  the  improvement 
of  such  main  roads,  with  their  bridges,  as  will  form  a  connected 
system  of  highways  throughout  the  State,  and  the  improvement 
of  other  roads  designated  by  the  commission;  to  ascertain  the 
methods  of  construction  and  maintenance  best  adapted  for  all 
local  conditions  withia  the  State;  to  give  advice  regarding  bridges 
and  buildings  to  local  officials.  The  law  requires  county  and 
road  district  highway  officials  to  secure  his  approval  of  their 
plans,  specifications  and  estimates  before  submitting  them  to  the 
higher  local  officials  for  adoption.  Coimty  and  district  officials 
are  required  to  furnish  to  him  upon  request  information  regarding 
their  roads  and  bridges,  and  are  liable  to  a  fine  of  $10  to  $100  if 
they  fail  to  do  so.  The  department  must  hold  at  least  one  meet- 
ing annually  in  each  coimty  if  requested  to  do  so,  to  discuss  high- 
way matters  with  the  county  and  district  road  officials,  'fiie 
apparatus  and  supplies  of  the  University  of  Mississippi  and  the 
AJpicultural  and  Mechanical  College  may  be  used  by  the  depart- 
ment for  testing  road  and  bridge  materials. 

Local  Road  Laws 

The  State  constitution  prohibits  the  passage  of  local  laws  by 
the  l^islatiure  exempting  any  person  from  road  duty  or  relating 
to  laying  out,  opening,  altering,  working  and  vacating  roads. 
All  such  matters  must  be  provided  for  by  general  laws. 

Jurisdiction  over  all  roads  in  a  county  lies  in  its  board  of  super- 
visors. Each  county  is  divided  into  five  supervisors'  districts, 
each  of  which  may  carry  on  its  road  work  under  the  direction  of 
three  commissioners  appointed  by  the  board  of  supervisors.  The 
county  board  may  also  place  a  coimty  road  commissioner  in 
charge  of  the  county  roads  or  any  part  of  them.  Road  districts 
containing  at  least  10  square  miles  may  be  formed  to  build  roads 
under  the  direction  of  three  road  commissioners  appointed  for  4 
years.    An  entire  county  may  be  organized  as  a  road  district. 
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The  district  commissioners  are  authorized  to  do  work  by  contract 
or  day  labor.  District  road  systems  may  include  streets  in 
municipalities.  A  county  board  may  require  adjoining  road  dis- 
tricts to  connect  their  road  systems. 

RocLd  Bond  Legislatian 

For  the  purpose  of  road  and  bridge  improvement,  the  county 
board  of  supervisors  may  issue  bonds  of  the  county  to  an  amount 
not  exceeding,  including  all  of  its  bonded  indebtednesSi  5  per  cent 
of  the  assessed  valuation  of  all  taxable  property  in  the  county. 
These  bonds  shall  nm  not  exceeding  forty  years,  shall  bear  interest 
at  the  rate  of  6  per  cent,  and  shall  be  redeemed  by  a  sinldng  fund  to 
be  provided  for  that  purpose  by  annual  taxation. 

The  board  of  sup^risors  of  any  county  is  authorised  to  issue 
bonds  in  an  amount  not  to  exceed  in  the  aggregate,  witii  out- 
standing bonded  indebtedness,  10  per  cent  of  the  assessed  valua- 
tion of  the  county,  to  construct  and  extend  the  public  highways 
of  the  county  to  connect  with  the  improved  highways  of  adjoin- 
ing counties,  so  as  to  form  a  continuous  sjrstem  of  improved  inter- 
oounty  highways.  Such  bonds  shall  bear  not  to  exceed  6  per 
cent  interest  and  mature  not  later  than  40  years  from  date  of 
issue. 

Supervisor  districts  may  issue  bonds  for  road  purposes  on  peti- 
tion to  the  county  board  of  supervisors  signed  by  20  per  cent  of 
the  qualified  electors  of  the  district.  A  favorable  vote  by  a  ma- 
jority of  those  voting  at  an  election  to  be  called  for  that  purpose 
is  necessary  to  authorize  the  issue.  These  bonds  shall  run  not 
exceeding  twenty-five  years,  shall  bear  not  exceeding  6  per  cent 
interest,  shall  be  exempt  from  taxation,  and  shall  be  sold  for  not 
less  than  par.  A  tax  shall  be  levied  annually  to  pay  the  interest 
and  create  a  sinking  fund  for  the  discharge  of  such  bonds  at  matur- 
ity. 

Board  of  supervisors  may  require  adjoining  road  districts  which 
have  constructed,  or  are  constructing,  improved  roads  to  con- 
nect such  improved  roads,  and  apportion  the  cost  thereof  to  the 
various  distncts.  Said  boards  may,  if  necessary,  authorize  such 
districts  to  issue  additional  bonds  to  the  amoimt  required  to 
mftke  such  connections.  If  25  per  cent  of  the  electors  of  any 
such  district,  or  districts,  shall  petition  against  such  bond  issue, 
then  bonds  shall  not  be  issued  imless  at  an  election  held  for  that 
purpose  the  majority  of  electors  of  such  district,  or  districts, 
resTOOtively,  shall  vote  in  favor  of  same. 

When  the  sinking  fund  of  any  road  district  shall  accumulate 
to  an  appreciable  amount  before  the  time  for  redemption  of  the 
bonds  i6r  which  it  is  created,  the  road  commissioners  of  such 
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distriet  may  loan  such  accumulation  at  not  less  than  6  per  cent 
interest  on  fixvt-mortgage  real  estate  security,  on  the  basis  of 
cme-half  of  its  assessed  valuation. 

Convict  Labor  Law 

There  is  no  general  convict  labor  law  in  reference  to  highways. 
Most  convicts  are  employed  upon  state  farms.  The  superinten- 
dent of  the  penitentiary  is  authorized  to  improve  and  maintain 
roads  from  each  convict  farm  in  the  State  for  a  distance  of  6  miles 
out  from  said  farms. 

In  four  counties,  convicts  between  the  ages  of  eighteen  cmd 
and  fifty  sentence  to  the  farms  may  be  required  to  work  fifteen 
days  on  the  roads. 

AtUomobile  Registration 

Annual  registration  of  motor  vehicles  is  required  with  the 
payment  of  the  following  fees:  Electric  motor  vehicles  $4.80, 
each  commercial  vehicle  of  4400  pounds  capacity  or  less  $8.40, 
each  commercial  vehicle  of  more  than  4400  pounds  capacity 
$16.80,  motor  cycles  $2.40,  any  otlier  motor  vehicle  36  cents 
per  horse  power.  Fees  are  collected  by  the  regular  tax  col- 
lector, the  county  board  of  supervisors  being  required  to  fur- 
nish hun  with  supply  of  licenses.  Three  per  cent  of  the  proceeds 
are  paid  to  the  collector  for  making  collections  and  the  balance 
^oes  into  the  road  and  bridge  privil^e  tax  fund  of  the  county 
IB  which  collected.    Non-residents  are  exempt  for  60  days. 

Highway  Offidala 

The  State  highway  commission  consists  of  J.  M.  McBeath, 
chairman.  Meridian;  W.  T.  Denman,  secretary,  McCombQty; 
and  D.  W.  Bobbins,  Tupelo.  The  State  hi^way  engineer  is 
Xavier  A.  Kramer,  Magnolia. 

Hood  Funds 

The  Mississippi  apportionment  of  the  federal  aid  road  funds  for 
the  first  two  years  amounts  to  $265,718.  In  order  for  this  to  be 
available  an  equal  sum  must  be  provided  by  the  State  or  its  sub- 
divisions for  expenditure  mider  the  general  supervision  of  the 
U.  S.  Office  of  Public  Roads.  It  is  estimated  l^bat  during  1917 
about  $5,000,000  will  be  available  for  all  classes  of  roads  horn  bond 
issues  and  about  $750,000  from  road  taxes. 

lAptvoved  fagr  Zatdub  A.  Kbahxb,  Stole  Sglnnqr  BngiiiMr.] 
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MISSOURI 

State  Aid  Legidatian 

The  State  highway  commissioner  is  appointed  by  the  governor 
for  a  term  of  four  years.  The  highway  commissioner  appoints  a 
deputy  who  must  be  an  engineer.  The  duties  of  the  commissioner 
are  to  prepare  plans  and  estimates  for  road  and  bridge  construction 
and  hold  public  meetings,  to  give  assistance  and  advice  to  local  road 
officifds,  to  issue  bulletins,  etc.  He  has  authority  over  road  work 
and  over  the  distribution  of  State  aid  apportioned  to  the  counties, 
but  his  work  is  also  investigative,  advisory  and  educational. 

Local  Road  Laws 

Road  administration  in  the  coimties  is  in  the  hands  of  the  coimty 
court,  which  consists  of  three  county  judges,  imder  what  is  known 
as  "county  organization."  The  presiding  judge  is  elected  for  a 
term  of  four  years.  The  last  election  was  held  November,  1914. 
The  two  associate  judges  are  elected  for  two  years  in  November 
of  even  years.  The  county  court  appoints,  if  it  desires,  a  ooimty 
highway  engineer,  in  January  of  the  even  years,  who  has  general 
supervision  over  all  the  roads  and  bridge  work  in  the  county.  His 
term  of  office  is  for  two  years  and  his  office  can  be  vacated  by  the 
people  by  a  vote,  at  any  general  election,  the  taxpayers  petition- 
ing the  court  to  hold  an  election  for  that  purpose.  The  surveytnT 
of  the  county,  which  is  a  constitutional  office,  is  elected  by  the 
people  and  is  ex-officio  county  highway  engineer  when  the  court 
appoints  no  regulaar  county  highway  engineer. 

There  are  114  coimties  in  the  State  and  22  of  the  counties  have 
voted  on  themselves  a  ''township  organization"  under  which  the 
township  officers  handle  the  road  work  in  their  coimty  and  ap- 
point their  own  overseers.  At  the  head  of  the  township  organi- 
zation is  the  township  board,  consisting  of  a  trustee  and  two 
other  members.  They  have  also  their  own  assessor  and  collector, 
justice  of  the  peace  and  constable.  Each  road  overseer  in  a  town- 
ship organization  has  a  district  in  the  township.  In  the  counties 
not  operating  under  township  organization,  the  county  is  divided 
into  road  districts  of  not  less  than  nine  miles  or  more  than  one 
municipal  township  in  area  a;nd  the  county  court  i^points  a  road 
overseer  for  each  district.  These  overaeers  are  responsible  to  the 
county  h^hway  engineer. 

Road  Bond  Laws 

When  petitioned  by  100  tax-paying  citizens  of  any  county,  the 
county  court  thereof  may  submit  to  a  vote  the  question  of  issuing 
bonds  for  road  and  bridge  purposes,  and  a  two-thirds  majority 
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▼ote  of  those  voting  is  required  to  authorize  the  bond  issue.  Such 
bonds  shall  be  coupon  bonds  and  issued  in  such  amount  as  will  not, 
with  the  existing  indebtedness  of  the  county,  exceed  the  consti- 
tutional limitation  of  5  per  cent  of  the  assessed  valuation  of  the 
taxable  property  therein;  they  shall  bear  not  to  exceed  5  per  cent 
interest,  shall  be  exempt  from  taxation,  and  shall  mature  and  be 
payable  within  20  years  upon  the  call  of  the  county  court.  The 
principal,  sinking  fund  and  interest  of  these  bonds  shall  be  paid  by 
a  tax  levied  for  this  purpose. 

Special  road  districts  may  be  organized  and  the  board  of  com- 
missioners thereof  may  call  an  election  to  determine  whether  bonds 
shall  be  issued  for  road  purposes.  A  two-thirds  majority  of  those 
voting  shall  be  necessary  to  authorize  the  issuance  of  these  bonds, 
which,  if  issued,  shall  be  in  an  amount,  including  existing  district 
indebtedness,  not  to  exceed  5  per  cent  of  the  assessed  valuation 
of  the  district.  The  bonds  shall  bear  not  exceeding  6  per  cent 
interest,  shall  become  due  in  not  exceeding  fifteen  annual  install- 
ments, the  first  of  which  shall  become  due  not  later  than  two  years 
after  the  date  of  the  bonds.  The  bonds  shall  be  sold  to  the  best 
advantage  by  the  board  of  commissioners. 

Convict  Labor  Laws 

The  warden  and  inspectors  of  the  penitentiary  may,  in  their 
discretion  enter  into  contracts  for  the  employment  of  not  to  exceed 
300  convicts  of  the  state  penitentiary  upon  public  roads  and  high- 
ways of  the  State  at  such  times  and  places  and  upon  such  terms 
as  the  warden  and  inspectors  deem  proper. 

Automobile  RegiatraHon 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  Less  than  12  h.p.,  $2; 
12  to  23  h.p.,  $3;  24  to  35  h.p.,  $5;  36  to  47  h.p.,  $7;  48  to  59  h.p., 
$8;  60  to  71  h.p.,  $10;  72  h.p.  and  over,  $12;  dealers  and  manu- 
facturers, $16;  chauiSeur's  license,  $1.50.  It  is  expected  that  the 
legislature  in  session  at  the  time  of  going  to  press  will  change  these 
fees. 

The  registration  revenue  is  paid  into  the  State  treasury  to  the 
credit  of  the  State  good  roads  fund,  but  specific  appropriation  by 
the  l^plslattire  is  necessary  before  expencUtures  are  made. 

Highway  Officials 

Highway  Department. — ^Frank  W.  Buffum,  State  highway  com- 
missioner; E.  W.  Sheets,  deputy  commissioner;  H.  B.  Bode,  in- 
spector.   OfBices,  Jefi'erson  City,  Mo. 
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Road  Funds 

All  the  money  received  from  automobile  licenses,  less  collecting 
expenses,  is  deposited  with  the  State  treasurer  to  the  credit  cKf 
the  general  road  fund.  All  the  money  received  from  corporation 
charters  and  from  the  annual  dues  and  corporation  taxes  less  the 
collecting  expense  also  goes  into  said  fund.  From  this  fund,  the 
legislature  every  two  years  appropriates  the  sum  in  its  opinion 
necessary  for  drawing  the  highways  which  go  from  each  county 
seat  to  the  county  seats  of  the  adjoining  counties,  amoimting  to 
approximately  14,000  miles.  Hiis  money  is  paid  at  the  rate  of 
$15  a  mile  for  routes  approved  by  the  State  highway  department. 
The  money  must  be  used  for  dragging  except  miere  the  conditions 
are  such  that  it  can  not  be  so  used,  and  for  road  betterments  such 
as  culverts  atid  bridges,  but  not  for  buying  right-of-way.  Three 
highway  commissioners,  appointed  by  the  county  court,  have 
charge  of  the  handling  of  this  road  drag  f imd  in  each  coimty. 

After  the  dragging  f imd  appropriated  by  the  legislature  is  taken 
from  the  general  road  f imd  the  amount  left  in  the  latter  fund  can 
be  used  for  permanent  improvements.  This  is  apportioned  to  the 
different  counties  according  to  their  assessed  valuation,  not  to 
exceed  3  per  cent  to  any  county,  the  object  being  to  keep  the  larger 
counties  from  drawing  out  the  entire  fund.  The  amoimt  so  ap- 
portioned in  1916  was  $250,000. 

Progress  Report 

The  State  highway  department  has  been  handicapped  by  in- 
adequate appropriations  for  carrying  on  its  work.  During  1915 
and  1916,  13,362  miles  of  county-seat  and  branch  roads  were  ap- 
proved by  the  department.  Most  of  these  roads  have  been 
drained,  graded,  and  dragged  by  the  State  fimd  of  $15  a  mile. 
There  has  been  some  graveling  and  macadamizing  on  these  high- 
ways. In  most  cases  the  counties  receiving  State  aid  have  en- 
deavored to  comply  with  the  specifications  and  instructions  fur- 
nished by  the  department.  Many  sections  of  the  State  are  just 
awakening  to  the  benefits  of  road  improvemente,  and  as  tiiey 
have  many  miles  of  poor  roads,  the  department  is  urging  them  to 
buy  large  tractors  and  heavy  road  machinery,  «o  as  to  carry  on 
the  work  at  a  low  unit  cost,  and  to  build  substantial  culverto  and 
bridges.  The  department  is  also  urging  the  purchase  of  tractors 
or  motor  trucks  and  trailers  where  the  amoimt  of  graveling  or 
macadamizing  warrants  this.  The  standard  right-of-way  has 
been  fixed  at  40  feet,  with  extra  width  at  right-angle  turns. 

[AppiDved  by  E.  W.  Shubts,  Deputy  State  Hichway  CommiMioDer.] 
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MONTANA 

Staie  Aid  Leffislation 

Under  an  act  of  the  legislature  passed  in  1913,  the  governor 
is  required  to  appoint  a  State  highway  commission  of  three 
members  consisting  of  the  professor  of  civil  engineering  of  the 
Montana  State  College  of  Agriculture  and  Mechanic  Arte,  ex- 
officio ;  the  State  engineer,  ex  officio ;  a  civil  engineer  who  is  a 
trained  and  experienced  road  builder,  who  is  required  to  devote 
his  entire  time  to  the  work.  The  commission  is  required  to  meet 
not  less  than  once  a  month.  The  duty  of  the  commission  is 
to  give  advice,  assistance  and  supervision  in  regard  to  road  con- 
struction and  maintenance,  throughout  the  State. 

The  board  of  county  commissioners  in  each  county  was  re- 
quired within  six  months  after  the  passage  of  the  act  to  prepare 
duplicate  road  maps  of  all  public  roads  in  the  couDty  as  well  as 
public  roads  constituting  boundaries  between  counties  and 
designate  on  the  map  such  roads  as  the  county  board  considered 
of  sufficient  importance  to  justify  their  improvement  under  this 
act.  One  of  the  maps  was  filed  with  the  county  clerk  and  the 
other  forwarded  to  the  State  highway  commission  with  a  state- 
ment of  the  location  in  the  county  of  all  deposits  of  road  ma- 
terial. If  the  county  board  failed  to  carry  out  the  provisions  of 
the  act,  the  State  highway  conmiission  might  proceed  to  obtain 
the  information  and  deduct  the  amount  thus  expended  from 
the  first  apportionment  to  such  county. 

The  State  highway  commission  was  required  to  prepare  a  map 
showing  all  public  roads  in  each  county,  and  all  roads  which  the 
commission  deemed  of  sufficient  importance  to  entitle  them  to 
State  aid.  The  commission  might  in  cooperation  with  the  coimty 
commissioner  divide  the  roads  into  two  classes,  one  of  primary 
importance  and  the  other  of  secondary  importance,  the  primary 
roads  to  be  the  first  improved. 

A  State  highway  fund  was  created  consisting  of  $5000  direct 
appropriation  to  pay  the  expenses  of  the  commission  until  the 
amount  credited  to  the  State  highway  fund  was  available,  there- 
after the  expenses  of  the  highway  commission  to  be  paid  out  of 
the  said  highway  fund.  Each  county  is  required  to  levy  an  an- 
nual road  tax  of  not  less  than  2  mills  or  more  than  5  mills  and  a 
road  poll  tax  of  $2;  the  money  thus  raised  forms  the  general  road 
fund  of  the  county.  Each  county  may  also  levy  a  special  tax 
not  exceeding  2^  miUs  for  constructing  and  maintaining  bridges. 
Two-thirds  of  all  receipts  of  a  county  from  forest  reserve  funds 
must  be  credited  to  its  general  road  fund. 

The  act  states  that  on  or  before  the  first  Tuesday  of  March 
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of  each  year  the  highway  commission  shall  apportion  the  State 
highway  fund  among  the  different  counties  of  the  State  and 
notify  their  respective  boards  of  county  commissioners.  The 
highway  commission  is  given  discretion  as  to  the  amounts  to  be 
apportioned  to  the  representative  counties  and  is  required  to 
take  into  consideration  the  area  of  the  county,  the  amount  of 
money  to  be  expended  by  it,  the  difficulty  and  expense  of  road 
construction  and  extraordinary  expenses  connected  with  the 
development  of  new  territory.  The  commission  is  not  allowed 
to  spend  any  of  the  funds  within  the  corporate  limits  of  cities 
or  towns  or  in  any  of  the  counties  in  which  the  county  com- 
missioners have  not  provided  for  the  raising  of  an  amount  equal 
to  the  amount  set  aside  by  the  State  highway  commission.  If 
any  county  within  ninety  days  fails  to  avail  itself  of  the  act, 
the  highway  commission  may  apportion  its  allotment  among 
the  other  counties.  The  commission  is  authorized  to  adopt 
rules  and  regulations  for  the  construction  and  maintenance  of 
State  roads.  The  board  of  county  conmiissioners  is  required 
to  make  the  necessary  surveys,  plans,  specifications  and  estimates 
for  State  roads,  in  accordance  with  rules  and  regulations  of  the 
State  highway  commission,  which  is  authorized  to  approve  or 
disapprove  of  the  same.  The  actual  construction  or  maintenance 
of  State  roads  is  under  the  direction  of  the  State  highway  com- 
mission. The  boards  of  county  commissioners  may  for  such 
work  employ  a  competent  civil  engineer  at  not  to  exceed  $12 
per  day.  Contracts  are  let  by  the  boards  of  county  commis- 
sioners. 

The  boards  of  county  commissioners  are  required  to  make  a 
report  on  or  before  December  30  of  each  year  to  the  State  high- 
way commission  showing  in  detail  all  money  expended  by  such 
county  during  the  current  year  in  the  construction  and  main- 
tenance of  the  public  roads.  One  part  of  the  report  shall  cover 
State  roads  and  the  other  portion  cover  all  other  roads. 

The  State  highway  commission  is  required  to  make  a  biennial 
report  to  the  governor. 

Local  Road  Legislation 

Jiu'isdiction  over  roads  vests  in  elected  boards  of  county  com- 
missioners, who  appoint  a  county  surveyor  and  divide  the  coun- 
ties into  districts  with  one  or  more  overseers  in  each.  Special 
bridge  and  road  districts  may  be  created  by  election  but  the  taxes 
are  levied  and  collected  by  the  county  boards. 

Road  Bond  Legislation 

The  board  of  county  commissioners  of  any  county  may  issue 
coupon  bonds  in  an  amount  which,  with  the  outstanding  bonded 
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indebtedneflfl,  will  not  exceed  5  per  cent  of  the  assessed  valuation 
of  the  taxable  property  therein;  provided  that  no  county  shall 
incur  any  indebtedness  or  liability  for  any  single  purpose  to  an 
Amount  exceeding  $10,000,  without  the  approval  of  a  majority  of 
the  electors  thereof. 

Convict  Labor  Law 

County  commissioners  may  require  prisoners  to  labor  ''on  the 
public  works  or  wa3rs  in  the  county." 

Under  the  State  highway  commission,  act  of  1913,  cotmty  com- 
mianoners  may  have  work  done  by  prison  or  convict  labor  on  State 
roads  in  their  county. 

Automobile  RegistrcUion 

The  law  provides  for  registration  with  the  secretary  of  State. 
Schedule  of  fees  is  as  follows:  All  motor  vehicles,  S2;  chauffeur's 
license,  perpetual,  $2. 

The  net  registration  revenue  is  paid  into  the  State  treasury  and 
credited  to  the  State  highway  fund,  to  be  expended  in  constructing 
State  roads  and  for  apportionment  to  the  several  counties  of  the 
State. 

Highway  Officials 

Siaie  Highway  Commission,  A.  W.  Mahon,  Helena,  State  en- 
pneer,  chairman;  Geo.  R*  Metlen,  secretary;  Prof.  L.  D.  Conklin, 
Boxeman. 

[Approved  by  Gbo.  R.  Mbtlbh ,  Seoietary  State  Hichway  Commianon.] 

NEBRASKA 

State  Aid  Legislation 

The  county  boards  of  commissioners  are  required  to  have  bid- 
ders on  bridge  work  use  forms  provided  by  the  secretary  of  State 
board  of  irrigation.  The  county  boards  are  forbidden  to  let  a 
contract  for  a  bridge  costing  over  $500  except  upon  plans  and 
specifications  of  the  secretary  of  the  State  board  of  irrigation, 
who  is  required  also  to  inspect  and  check  that  completed  work. 

The  State  board  of  irrigation  is  constituted  by  law.  The 
State  board  of  supervision  for  bridges  and  the  State  engineer 
are  empowered  to  carry  out  the  orders  of  the  board. 

Thf  board  of  county  commissioners  may  make  application  to 
the  State  board  of  irrigation  for  State  aid  in  the  construction  of 
any  bridge  over  a  stream  of  175  feet  or  more  in  width,  pledging 
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the  county  to  furnish  one-ha^f  the  cost  of  construction,  and,  if 
the  application  is  approved  by  the  State  board,  the  contract  is 
let  jointly  by  the  said  county  board  and  the  State  board  of  irri- 
gation. The  plans  and  specifications  are  furnished  by  the  State 
engineer  and  the  construction  is  imder  the  joint  supervision  of 
the  State  board  of  irrigation  and  the  board  of  county  conunis- 
sioners.  A  State  levy  of  one-fifth  of  1  mill  on  the  dollar  con- 
stitutes the  ''State  aid  bridge  fund.'' 

The  State  board  of  irrigation,  highways  and  drainage  is  em- 
powered to  advise  with  county  boards  on  highways  and  bridges. 
The  board  appoints  an  advisory  board  of  thi^e  members  author- 
ised by  law  to  supervise  the  expenditure  of  any  funds  that  may 
be  provided  by  the  federal  government  for  highway  and  bridge 
construction. 

At  the  time  of  going  to  press  legislation  was  proposed  authoriz- 
ing the  State  engineer  to  lay  out  a  Gfystem  of  inter-coimty  roads 
and  a  tax  to  meet  fedenJ  aid  funds  in  constructing  them. 

Local  Road  Legislation 

In  some  coimties,  the  board  of  county  commissioners  divides 
the  county  into  districts,  in  each  of  which  an  overseer  is  elected 
annually;  the  board  appoints  a  county  highway  commissioner  an- 
nually. In  the  other  counties,  each  county  is  divided  into  seven 
districts,  in  each  of  which  the  electors  choose  a  road  supervisor. 

Road  Bond  Legislation 

Any  county,  township,  precinct,  city,  or  village  may  issue  bonds 
to  construct  a  highway  bridge  across  any  boundary  river  of  the 
State,  if  so  voted  by  three-fifths  of  the  voters  at  a  special  election. 
Tlie  amount  of  bonds  must  not  exceed  10  per  cent  of  the  valuation. 
In  any  county,  township,  precinct,  city  or  village  which  has  made 
donations  to  raibroads  or  other  internal  improvements,  a  two- 
thirds  vote  shidl  be  required  for  such  bonds.  The  interest  shall 
not  exceed  7  per  cent.  There  shall  be  an  annual  tax  for  interest 
and  sinking  fund.    The  term  of  the  bond  is  not  designated. 

Sinular  provision  is  made  for  purchasing  private  bridges  within 
any  township  or  across  any  river  bounding  a  towi^ip.  For  such 
purpose  a  two-thirds  majority  is  required  and  the  bonds  shall  bear 
not  to  exceed  8  per  cent  interest.  A  yearly  tax  must  be  levied  to 
pay  5  per  cent  of  the  principal  annually  and  the  interest  on  the 
bonds.  Any  county  or  city  in  the  State  is  authorized  to  issue  bonds 
for  internal  improvements,  and  it  appears  that  such  improvements 
include  highways. 
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Canmci  Labor  Law 

For  the  purpose  of  enabling  the  county  commiflfiionera  to  employ 
in  a  profitable  manner  all  convicts  sentenced  to  hard  labor,  the 
board  has  autiiority  to  make  rules  and  regulations  and  designate 
the  place  where  ihe  convicts  shall  work.  The  county  jail  is 
declared  to  extend  to  any  quarry,  road  or  other  place  the  comrnie- 
sioners  may  designate. 

Automobile  Registration 

Annual  registration  fee,  $2  for  motor  cycle,  $3  for  automobile, 
$5  for  commercial  truck,  $5  for  dealer.  About  four-fifths  of  the 
proceeds  is  paid  into  the  road-dragging  funds  of  the  counties 
where  the  fees  are  obtained. 

Highway  Officials 

State  Engineer. — Geo.  E.  Johnson,  Lincoln;  W.  D.  J.  Steckel- 
berg,  assistant  State  engineer,  Lincoln. 

Road  Funds 

There  is  a  State  tax  of  0.2  mill  for  aid  toward  bridge  construc- 
tion and  maintenance,  which  furnished  about  $76,(XX)  in  1916. 
If  the  legislature  of  1917  passes  the  highway  laws  contemplated 
about  $1,000,000  will  be  spent  during  the  year  on  roads  and  a 
considerable  sum  on  bridges. 

tAppioved  by  Gaosoa  £.  Jomiaozr,  State  Easineer.] 

NEVADA 

State  Aid  Legislation 

A  law  passed  by  the  legislature  of  Nevada,  and  approved  by 
the  governor  March  16,  1911,  provided  that  the  State  engineer 
should  have  general  supervision  of  road  work  carried  on  by  con- 
vict labor.  An  appropriation  of  $20,000  was  made  to  cover  the 
work,  which  was  of  the  nature  of  an  experiment.  No  later  appro- 
priations have  been  made. 

New  highway  legislation  was  under  discussion  in  the  legislature 
when  this  book  went  to  press. 

Local  Road  Legislation 

The  local  roads  are  under  the  jurisdiction  of  the  boards  of 
county  commissioners,  which  divide  the  counties  into  districts 
with  one  or  more  overseers  in  each. 
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Road  Bond  Legidatum 

On  a  majority  vote  of  the  qualified  electors  of  any  county,  tke 
board  of  county  commissioners  may  issue  bonds  of  the  coimty  to 
create  a  fund  to  be  known  as  the  '^  county  road  and  bridge  fund/' 
to  be  used  in  the  construction,  repair,  and  maintenance  of  the 
county  roads  and  bridges,  and  the  purchase  of  necessary  implements 
and  machinery  for  this  purpose.  The  amount  of  these  bonds  shall 
not  exceed  the  equivalent  of  3  per  cent  of  the  total  assessed  valua- 
tion of  the  real  and  personal  property  in  the  county.  The  bonds 
shall  have  interest  coupons  attached,  shall  bear  not  to  exceed  ft 
per  cent  interest,  shall  be  in  denominations  of  $1000,  S500  or  $100, 
as  determined  by  the  board  of  county  commissioners,  and  shall 
be  numbered  consecutively  from  first  to  last,  and  must  not  b« 
sold  for  less  than  par.  On  January  1  of  the  third  year  succeeding 
their  sale  and  annually  thereafter,  one  or  more  of  these  bonds,  as 
shall  be  designated  by  the  board,  in  consecutive  order,  shall  bt 
paid  and  redeemed  by  the  county,  and  an  annual  tax  shall  be  levied 
to  pay  the  interest  on  them  and  to  create  a  sinking  fund  for  their 
retirement. 

Convict  Labor  Law 

The  State  prison  commissioners  are  authorised  to  detail  for 
work  on  the  public  highwa3rs  any  male  convict  in  the  State  prison 
who  may  be  properly  detailed,  except  prisoners  imder  sent^ce  of 
death,  provided,  that  sudi  detail  shall  be  voluntary  on  the  part  of 
the  convict. 

Convicts  so  detailed  are  not  required  to  wear  stripes,  are  given 
ten  days  off  sentence  for  each  month's  faithful  work,  and  are  paid 
10  cents  per  day. 

AvJtomchUe  RegisiraHon 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  registration  fee  is  12|  cents  per  h.p.,  minimum  fee, 
$2.50.    Motorcycles  exempt. 

The  net  registration  revenue,  when  it  aggregates  $25,000,  shall 
be  apportioned  to  the  several  counties  of  the  State  for  construction 
of  county  roads  under  the  joint  supervision  of  the  county  commis- 
sioners and  the  State  engineer.    (Chapter  No.  206,  Laws  1913.) 

Highway  Officials 

The  State  engineer  no  longer  has  any  connection  with  road 
work,  which  is  under  the  coimty  surveyors  and  road  overseers. 

[Approml  by  W.  If.  Kbabmst,  StAte  EogliiMr.l 
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NEW  HAMPSHIRE 

State  Aid  Legislation 

In  1915,  the  legislature  abolished  the  office  of  State  engineer 
and  created  a  State  highway  department,  in  charge  of  a  highway 
commissioner  appoint^  for  five  years  by  the  governor.  He  has 
charge  of  the  location,  construction  and  maintenance  of  roads 
buUt  in  part  or  wholly  with  State  funds.  All  technical  features 
of  the  work,  the  award  of  contracts  and  the  supervision  of  con- 
struction are  tmder  his  control,  but  the  taking  of  land  or  materials 
by  eminent  domain  is  under  the  governor  and  council.  Appeals 
from  his  decisions  may  be  taken  to  the  governor. 

Prior  to  1915,  three  north  and  south  trunk  lines  and  three  cross 
lines  were  authorized.  In  1915,  eleven  more  cross  lines  were 
authorised.  All  State-aid  funds  spent  in  the  cities  and  towns 
through  which  these  roads  pass  must  be  expended  on  these 
roads  until  they  are  finished.  The  State  contributes  toward 
such  work  one-half  the  cost  and  such  further  sums,  in  towns  un- 
able to  pay  half  the  cost,  as  the  highway  commissioner  considers 
equitable.  The  work  is  done  by  contract  or  by  local  autiiorities 
imder  the  direction  of  the  State  highway  department.  If  a  city 
or  town  neglects  or  refuses  to  raise  its  proportionate  part  of  the 
cost  of  construction  of  tnmk  line  road  within  the  town,  the  State 
may  do  the  work  and  assess  the  town  for  its  proportionate  part, 
charging  the  same  to  the  State  tax  of  that  town.  This  diarge  is 
not  to  exceed  0.25  to  1  per  cent  of  the  town  valuation  in  any  one 
year. 

Aside  from  the  State  highways  the  State  grants  aid  to  the 
towns  on  the  following  plan: 

E^ch  town,  out  of  the  money  raised  for  highway  purposes, 
shall  set  aside  the  following  amount  for  the  improvement  of  its 
highways  under  the  supervision  of  the  State  engineer:  Towns 
having  a  valuation  of  less  than  $2,000,000,  $1  on  each  tlOOO 
valuation;  towns  of  $2,000,000  and  less  than  $3,000,000  valua- 
tion, 75  cents  on  each  $1000  valuation;  towns  of  $3,000,000 
and  less  than  $5,000,000  valuation,  50  cents  on  each  $1000  valua- 
tion; towns  of  $5,000,000  and  less  than  $15,000,000  valuation, 
33i  cents  on  each  $1000  valuation;  towns  from  $15,000,000  and 
upward  valuation,  25  cents  on  each  $1000  valuation;  counties 
in  which  are  located  unincorporated  towns,  $1  on  each  $1000 
valuation.  If  a  town  desires  State  aid  for  permanent  improve- 
ment in  addition  to  the  improvement  provided  by  the  foregoing 
method,  it  shall  raise  an  additional  amount  equal  to  50  per  cent 
of  this  sum  and  then  make  application  for  State  aid.  They  shall 
then  receive  for  each  additional  dollar  so  set  apart  the  following 
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amounts:  Towns  having  a  yaluation  of  less  than  1100,000,  9S 
for  each  11  so  set  apart;  $100,000  and  less  than  $1SO,000,  91^5 
for  each  $1;  $250,000  and  less  than  $500,000, 60  cents  for  each  $1; 
$500,000  and  less  than  $1,000,000,  40  cents  for  each  $1;  $1,000,- 
000  and  less  than  $3,000,000,  25  cents  for  each  $1;  $3,000,000 
and  upward,  20  cents  for  each  $1. 

The  amounts  thus  set  aside  by  the  towns,  respectively,  con- 
stitute a  joint  fund  for  permanent  improvement. 

The  State  road  funds  for  trunk  lines  are  provided  by  State 
bonds  bearing  not  to  exceed  3^  per  cent  interest.  A  direct  ap- 
propriation is  made  annually  for  paying  interest  and  installments 
on  the  bonds.  The  regular  State  aid  not  on  trunk  lines  is  met 
by  current  appropriations. 

Local  Road  Legislation 

Coimty  conmiissioners  have  jurisdiction  over  roads  in  imincor- 
porated  places  and  selectmen  over  town  roads.  A  part  of  the 
property  road  tax  is  rebated  to  persons  oompl3dng  with  the  wide- 
tire  laws. 

Automobile  Registration 

The  law  provides  for  annual  registration  with  the  commissioner 
of  motor  vehicles.  The  schedule  of  fees  is  as  follows:  Motor 
cycles,  $2.  Automobiles,  15  h.p.,  and  less,  $10;  16  to  30  h.p.,  $15; 
31  to  40  h.p.,  $20;  41  to  50  h.p.,  $25;  51  to  60  h.p.,  $30;  61  h.p. 
and  over,  $40.  Motor  trucks  and  automobiles  used  for  carrying 
passengers  for  hire,  on  same  basis. 

The  net  registration  revenue  shall  be  expended  in  the  mainte- 
nance of  highways  in  accordance  with  the  State  highway  laws,  pro- 
vided that  35  per  cent  of  such  net  revenue  may  be  expended  in  the 
maintenance  of  roads  in  cities,  towns  and  places  where  roads  are 
not  ordinarily  maintamed  with  assistance  of  the  State.  Fines  and 
forfeitures  are  paid  into  the  State  treasury  for  use  in  the  same 
manner  as  registration  revenues. 

Highway  OffiddU 

State  Highway  Departmentf  Concord. — ^F.  E.  Everett,  State 
highway  commissioner;  C.  C.  Howe,  chief  clerk. 

Division  Engineers. — ^F.  W.  Brown,  Concord;  W.  A.  Grover, 
Dover;  H.  L.  Smith,  Lakeport;  C.  M.  Brooks,  Keene;  0.  M. 
James,  Northwood  Narrows;  C.  H.  Chandler,  Whitefield;  C.  P. 
Riford.  Concord;  F.  H.  Colbum,  Concord. 
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Progress  Report 

During  1916,  107.09  miles  of  road  were  improved,  comprising 
11.58  nmes  of  grading,  87.60  miles  of  gravel  roads,  7.91  miles  of 
macadam,  and  7.91  miles  of  road  have  been  rebuilt  mth  bitumi- 
nous macadam. 

There  are  15,116  miles  of  roads  in  the  State,  of  which  1255.18 
miles  have  hard  surfacing. 

Road  Funds 

For  construction  in  1916  there  was  available  approximately 
9275,000  State  money  and  $300,000  town  money.  The  exact 
figures  are  not  available  at  this  date  to  show  expenditures. 

For  maintenance  purposes  in  1916,  the  State  spent  $299,696.02 
in  connection  with  which  the  towns  spent  $137,958.69,  a  total  of 
$437,654.71.  The  average  cost  per  mUe  for  trunk  line  mainte- 
nance was  $434.51  and  for  State  aid  maintenance  $191.19. 

About  the  same  amoimt  of  money  will  be  available  in  1917. 

Progress  Report 

Of  the  three  trunk  lines  originally  authorised  there  is  left  to 
build  35.57  miles.  The  legislature  of  1914-15  authorized  the 
State  higjiway  commissioner  to  lay  out  a  S3rstem  of  cross  State 
highways.  This  work  was  completed  in  1916,  the  different  lines 
being  given  a  distinguishing  color  and  the  poles  banded.  These 
so-called  cross  State  highwa3rB  are  approximately  one-third  com- 
pleted, this  construction  having  been  done  under  State  aid  in 
the  past.  Hie  legislature  of  1916-17  will  be  asked  to  make  appro- 
priations to  complete  the  35.57  miles  on  old  trimk  lines  and  an 
appropriation  to  commence  work  on  the  cross  State  highwa3rs. 

lAppioyed  by  F.  E.  ETUum,  State  Hichway  ComtDiMionflr.] 

NEW  JERSEY 

State  Aid  LegisUUion 

The  State  highway  conomussion  consists  of  the  governor,  pres- 
ident  of  the  senate,  speaker  of  the  house  of  assembly,  the  State 
treasurer,  who  serve  without  compensation,  and  the  commis- 
sioner of  public  roads. 

The  commission  is  required  to  establish  a  continuous  State 
highway  system  of  improved  main  traveled  roads  connecting 
counties,  cities,  seaside  resorts,  large  centers  of  population,  out- 
lets at  the  boundaries  of  the  State,  the  Ocean  Highway,  and  the 
Delaware  River  Drive,  and  the  State  commissioner  of  public 
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roads  is  directed  to  submit  to  the  commission  a  map  showing 
the  proposed  system,  the  aggregate  mileage  of  which  shall  not 
exceed  1600  miles. 

The  commissioner  of  public  roads  is  appointed  by  the  governor 
for  three  years.  His  sta£f  is  composed  of  civil-service  employees 
who  hold  office,  unless  removed  for  cause;  a  State  highway  engi- 
neer who  is  chief  engineer;  and  fouivdivision  engineers,  ten  regular 
inspectors  and  foremen  who  are  intended  to  form  the  nucleus 
for  a  trained  corps  of  inspectors.  In  addition  to  this  force  the 
commissioner  may  appoint  a  local  supervisor  or  inspector  when 
necessary  on  each  contract  at  a  per  diem  compensation.  All  of 
tiie  staff  are  under  civil  service  rules  and  regulations. 

The  State  commissioner  of  public  roads  is  directed  to  take 
charge  of  the  construction,  improvement,  and  maintenance  of 
the  State  highways  comprising  the  State  highway  system,  all 
such  work  to  be  done  at  the  expense  of  the  State,  or  upon  the 
basis  of  an  equitable  agreement  between  the  county  authorities 
and  the  commission,  the  plans  and  specifications  to  be  prepared 
by  the  State  highway  department  and  supervision  to  be  exer- 
cised  by  the  department. 

The  commissioner  of  public  roads  is  intrusted  with  the  execu- 
tion of  the  law  granting  State  aid  in  the  improvement  of  high- 
ways, such  highways  being  in  addition  to  the  State  highways. 
The  commissioner,  after  conference  with  the  board  of  chosen 
freeholders  in  respective  counties  and  other  local  authorities, 
passes  upon  requests  for  aid  m  road  improvement.  The  surveys, 
plans,  estimates,  and  specifications  are  made  locally,  but  must 
be  approved  by  the  State  commissioner  of  public  roads  before  the 
local  authorities  advertise  for  bids.  Later  the  contracts  and 
bonds  are  examined  and  approved  by  the  commissioner  before 
work  begins.  After  the  work  has  been  completed  to  the  satis- 
faction of  the  local  authorities  a  written  statement  with  detailed 
cost  data  is  submitted  to  the  commissioner,  and  if  after  inspec- 
tion it  is  approved  by  him  the  State's  portion  of  the  cost,  amount- 
ing to  40  per  cent,  is  sent  to  the  county. 

After  final  approval  by  the  State  commissioner  of  public  roads 
such  roads  shall  thereafter  be  county  or  municipal  roads,  to 
be  maintained  by  the  county  board  of  freeholders  and  the  county 
supervisor  or  by  the  township  or  municipal  officers.  If  the 
county  fails  to  repair  the  road  within  60  days  after  notice  in  writ- 
ing by  the  State  commissioner,  he  shall  certify  such  neglect  to 
the  State  comptroller,  who  shall  withhold  payment  to  the  county 
of  any  money  that  may  be  apportioned  to  it  until  such  repairs 
are  made.  The  State  road  fund  includes  appropriations  mads 
by  the  legislature  and  the  receipts  from  motor  vehicle  licenses 
and  fines. 
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The  coinmiflsioner  of  public  roads  may  grant  aid  in  the  con- 
■truction  of  bridges  on  roads  being  improved  to  the  extent  of 
20  per  cent  of  their  cost,  otherwise  the  State  takes  no  part  in 
the  cost  of  building  or  maintaining  bridges,  the  only  exception 
being  the  bridge  over  the  Raritan  Biver  to  Perth  Amboy,  for 
the  maintenance  of  which  the  State  pays  one*third  in  accord- 
ance with  the  terms  of  a  statute  passed  in  1912. 

Local  Road  LegisUUion 

The  county  roads  are  under  the  board  of  chosen  freeholders  of 
the  county,  which  appoints  a  county  road  supervisor  and  a  county 
engineer  in  charge  of  the  bridges  and  roads. 

Road  Bond  Legislation 

The  board  of  chosen  freeholders  may  issue  bonds  of  the  county 
in  an  amount,  including  existing  indebtedness,  not  to  exceed  8 
per  cent  of  the  assessed  value  of  the  real  estate  therein;  provided 
that  in  no  case  shall  the  amount  of  such  bonds  outstanding  at 
any  one  time  exceed  $300,000.  Such  bonds  shall  bear  not  to 
exceed  6  per  cent  mterest  and  shall  run  from  5  to  20  years.  Be- 
fore issuing  such  bonds,  the  board  of  chosen  freeholders  shall  make 
written  apphcation  to  the  circuit  court  for  authority  to  issue  the 
bonds,  which  c^urt  shall  investigate  and  determine  whether  or 
not  the  issue  snail  be  made. 

The  board  of  chosen  freeholders  of  a  county,  the  township 
committee  of  a  township,  or  the  proper  governing  body  of  other 
municipality,  may,  by  resolution,  issue  bonds  thereof  to  pay  the 
share  of  such  county,  township,  or  other  municipality  in  the  cost 
of  State-€tid  road  work  therem.  Such  bonds  shall  bear  not  to 
exceed  6  per  cent  interest  and  shall  run  for  not  exceeding  30 
yean. 

The  board  of  chosen  freeholders  of  anv  county  is  authorised 
to  repair  or  reconstruct  county  roads  and  to  issue  bonds  in  pay- 
ment of  the  cost  thereof.  Such  bonds  shall  bear  not  to  exceed 
5  per  cent  interest  and  shall  be  payable  at  any  time  not  exceed- 
ingS  years  from  date  of  issue. 

When  a  navigable  stream  marks  the  dividing  line  between 
two  or  more  counties  and  the  boards  of  chosen  freeholders  of 
such  counties,  respectively,  shall  have  resolved,  or  may  resolve, 
that  a  bridge  across  such  stream  is  a  public  necessity,  or  that 
an  existing  bridge  across  said  stream  should  be  rebuilt,  the  same 
may  be  done  by  the  said  boards  of  chosen  freeholders  jointly, 
the  expense  thereof  to  be  borne  by  such  counties  in  such  propor- 
tions as  may  be  agreed  upon  by  the  said  boards  of  chosen  free- 
holders.   If  desirable,  bonds  may  be  issued  by  each  county  'or 
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its  proportionate  ahare  of  the  cost  of  cruch  bridge.  Suoh  bondi 
shaU  bear  not  to  exceed  4}  per  cent  interest  and  run  for  not 
exceeding  30  years. 

To  meet  the  expenses  incurred  for  the  aoquisitiony  develop- 
ment and  improvement  of  parks  and  parkways  in  any  countyf 
tb^  board  of  chosen  freeholders  may,  from  time  to  time,  in  adcu* 
tion  to  any  bonds  theretofore  authorised  by  law,  on  the  requi- 
sition of  the  board  of  park  commissioners,  borrow  money  by 
issuing  the  bonds  of  said  county,  not  exceeding  in  the  aggregate 
$6S0,000,  to  run  for  not  exceeding  50  years  and  to  bear  not  to 
exceed  4|  per  cent  interest. 

It  is  provided  (Chapter  245,  L.  1914)  that  a  conmiission  may 
be  appointed  for  three  or  more  contiguous  counties  to  construct 
one  or  more  bridges  or  tunnels  over  or  under  a  navigable  stream 
or  river  which  fonns  a  part  of  the  boundaiy  of  the  State,  and 
sUch  counties  may,  respectively,  issue  bondis  to  meet  the  cost 
thereof.  Such  bonds  shall  be  issued  in  such  amounts  and  shall 
bear  such  interest,  not  exceeding  5  per  cent,  and  be  payable  at 
suoh  time  as  the  governing  bodies  of  such  counties  may,  by 
resolution,  determine. 

Convict  Labor  Laws 

The  board  of  chosen  freeholders  of  any  county  may  order  the 
sheriff  to  cause  all  able  bodied  male  convicts  or  so  many  as  may  be 
required,  to  be  put  to  work  on  the  public  roads  of  the  county. 

The  management  of  the  State  prison  shall  be  vested  in  a  board 
of  inspectors,  consisting  of  six  members,  to  be  appointed  by  the 
governor  with  the  advice  and  consent  of  the  senate.  The  said 
board  of  inspectors  is  authorised  to  enter  into  an  agreement 
with  the  State  commissioner  of  public  roads,  or  other  depart- 
ment of  the  State  government,  for  the  employment  of  prisoner! 
on  public  work. 

Ilie  State  commissioner  of  public  roads,  or  the  board  of  ehoitn 
freeholders  of  any  county  may  make  application  to  the  prison  labor 
commission  for  convicts  to  work  on  puolic  highways.  The  prison 
labor  commission  in  conjunction  with  t^e  governing  body  of  the 
penal  institution  determine  the  number  to  be  assigned  the  cost  of 
maintenance  and  compensation  and  may  enter  into  an  agreement 
for  the  payment  of  costs  or  any  portion  thereof. 

The  prison  labor  comnusmon  is  authorized  to  acquire  so  muob 
land  for  agricultural  and  quarry  purposes  as  may  be  selected  by 
said  commission,  and  transfer  prisoners  for  agricultural  purposes, 
and  to  be  employed  in  the  quarrying  and  preparation  of  building 
and  road  materials. 
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Automobile  Regiatratian 

The  law  provides  for  annual  registration  with  the  assistant 
secretary  of  State,  who  is  ex-officio  commissioner  of  motor  vehicles. 
The  schedule  of  fees  is  as  follows:  10  h.p.  and  less,  $4.50;  11  to '29 
h.i>v  $7.50;  30  h.p.  and  above,  $15;  motor  cyclesi  $2;  motor  trucks 
weighing  over  4000  pounds,  in  addition  to  regular  fees,  $10; 
dealers  and  manufacturers  for  each  car  demonstrated,  $5;  oper- 
ators, including  owners,  for  cars  not  exceeding  30  h.p.,  $2;  oper- 
ators, including  owners,  for  cars  exceeding  30  h.p.,  $4;  motor 
vehicle  line  carrying  passengers  operating  from  and  adjoining 
State,  $100. 

The  net  revenue  derived  from  regiatrations,  fines  and  penalties 
■hall  be  depodted  in  the  State  treasury  for  use  in  repairing  ths 
more  important  improved  roads  of  the  State,  under  the  direction  of 
the  commissioner  of  public  roads.  (Chapter  No.  113,  Laws  1006 
as  amended  to  January  1, 1915.) 

Highway  Officials 

State  Department  of  Public  Roads,  TVenfon.— Edwin  A.  Steveis, 
State  road  commissioner;  Robert  A.  Meeker,  State  highway 
engineer;  Division  Engineers  in  Charge  of  Roads,  E.  M.  VaO,  E. 
E.  Reed,  Roy  Mullins. 

Progress  Report 

During  the  fiscal  year  ended  October  31,  1916,  there  were  ac- 
cepted 65.3  miles  of  new  road  which  cost,  including  bridges, 
$1,105,205.70;  the  State's  share  of  this  sum  was  $347,617.17. 
There  were  carried  into  the  present  year  37  road  and  7  bridge 
contracts,  embracing  101.863  miles  of  road  and  costing  about 
$1,676,931.07,  of  which  sum  the  State's  share  is  $601,155.83. 
There  was  spent  on  convict  road  labor  $69,866.82,  and  there  was 
carried  over  on  unpaid  requisitions  $20,060.80. 

The  total  expenditure  of  the  State  for  repairs  was  $716,361.69 
and  there  was  carried  over  into  the  current  year  repair  work  on 
which  the  State's  share  will  be  $1,040,547.69.  The  21  counties 
of  the  State  have  spent,  exclusive  of  State  aid,  $1,719,499.03  for 
repair  work. 

The  total  expKBnditure  of  the  State  for  all  road  purposes,  includ- 
ing administration,  was  $1,226,927.64. 

Road  Funds 

The  State  appropriations  for  the  year  ending  October  31,  1917, 
are:  State  road  fund,  $500,000;  convict  labor,  $75,000;  depart- 
ment expenses,  $26,500;  salaries  $17,000;  township  road  work, 
$4,800.  Hie  estimated  receipts  of  the  motor  vehicle  fimd  for 
tiie  same  period  are  $1,450,000. 

lAppmrtd  bgr  OoLE.  A.  Sru^nun,  Commiwiniaw  of  PubUe  Boadt.! 
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NEW  MEXICO 

State  Aid  Legislation 

The  State  highway  commission  consists  of  the  governor,  the 
oomnussioner  of  pubuc  lands  and  the  State  engmeer,  all  of  whom 
serve  without  compensation.  The  commission  is  required  to 
meet  four  times  a  year,  in  January,  March,  June  and  Septem- 
ber, and  hold  such  special  meetings  as  they  consider  necessary. 
The  commission  has  general  supervision  of  all  highways  and 
bridges  constructed  or  maintained  wholly  or  partly  by  the  aid 
of  State  money.  The  commission  is  required  to  construct,  pre- 
pare and  maintain  at  the  expense  of  the  State  either  wholly  or 
m  part  such  public  roads  as  best  serve  the  interest  of  the  general 
public,  looking  to  the  construction  and  maintenance  of  a  com- 
plete qrstem  of  highways.  The  commission  is  directed  to  investi- 
gate the  needs  of  the  various  localities  and  to  codperate  with  the 
various  boards  of  county  commissioners  in  road  construction. 

In  order  to  provide  State  aid  fund  an  annual  tax  is  levied  not 
to  exceed  1  mfll  on  each  dollar  of  taxable  property,  the  sum  thus 
realised  to  be  turned  over  to  the  State  treasurer  and  constitute 
the  road  fund  which  is  subject  to  the  orders  of  the  highway 
commission.  ^  State  highway  bonds  are  also  issued. 

The  commission  is  required  to  make  an  annual  report  on  or 
before  January  1. 

The  State  engineer  is  the  engineer  of  the  highway  commis- 
sion, and  subject  to  its  orders,  has  supervision  of  tiie  construction 
and  maintenance  of  all  highwa3n9  and  bridges  under  the  State 
aid  act  and  also  has  supervision  of  idl  county  bridges  built  by 
contract  where  the  amount  exceeds  $1000. 

The  commission  is  authorized  to  do  educational  and  investi- 
gative work. 

In  extending  State  aid  preference  is  to  be  g^ven  by  the  com- 
mission to  those  counties  which  shall  contribute  an  amount 
at  least  equal  to  that  appropriated  by  the  commission. 

Certain  specific  State  roads  are  provided  for  by  State  legis- 
lation. 

Local  Road  Legislation 

In  1912  an  act  was  passed  in  New  Mexico  creating  a  county 
road  board  in  each  coimty  to  serve  without  compensation  and 
to  consist  of  three  members,  to  be  appointed  by  the  State  high- 
way commission  for  a  period  of  three  years  and  to  be  subject 
to  removal  by  the  commission  for  cause.  The  county  road  boards 
are  required  by  law  to  make  an  annual  report  to  the  State  high- 
way commission. 
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Local  Band  Legislation 

When  petitioned  by  not  less  than  10  per  cent  of  the  qualified 
electors  of  the  county  who  are  taxpayers,  the  board  of  county 
commissioners  may  submit  the  question  of  issuing  bonds  of  the 
county  for  road  purposes.  A  majority  of  those  voting  is  reqidred. 
The  amount  of  the  bonds  shall  not  exceed  in  the  aggregate,  indud* 
ing  existing  indebtedness,  4  per  cent  on  the  value  of  the  taxabU 
property  within  the  county,  shall  bear  not  to  exceed  6  per  cent 
interest,  and  shall  run  not  to  exceed  thirty  years,  but  may  oe  made 
redeemable  prior  to  the  date  of  their  maturity,  as  may  be  provided 
by  order  of  the  board  of  county  commissioners.  An  additional 
annual  tax  levy  shall  be  made  to  meet  the  interest  charges  on  the 
bonds,  and  there  shall  be  created  a  fund  to  be  known  as  the  "county 
highway  sinking  fimd,''  which  shall  be  used  for  the  redemption  of 
bonds  so  issued. 

Convict  Labor  Law 

Aside  from  the  special  acts  of  the  legislature  which  provides  for 
building  certain  roads  by  convict  labor,  a  general  act  of  1909  pro* 
vides  that  the  State  highway  commission  shall  employ  such  convict 
labor  as  shall  be  available  and  advisable.  The  board  of  peniten- 
tiaiy  commismoners  shall  on  demand  of  highway  conmussion  fur- 
niflh  available  convicts  and  also  necessary  guards,  provided  that 
the  cost  of  transportation,  maintenance  and  guarding  while  engaged 
in  road  work  shall  be  paid  from  the  road  fund. 

Automobile  Registration 

The  law  provides  for  the  annual  registration  with  the  secretary 
of  State.  The  schedule  of  fees  is  as  follows:  Less  than  12  h.p., 
S2;  12  to  19  h.p.,  U;  20  to  29  h.p.,  $6;  30  to  39  h.p.,  $8;  40  to  49 
h.p.,  SIO;  50  h.p.  and  over,  $12;  dealers  and  manufacturers,  $12. 

llie  net  registration  revenue  shall  be  paid  into  the  State  treas* 
ury  and  half  credited  to  the  State  highway  fund  for  expenditure 
upon  the  public  highways  of  the  State,  preference  being  given  to 
automobile  routes  and  the  other  half  paid  to  the  counties  from 
which  it  is  derived. 

Highway  Officials 

State  Highway  Commission,  Santa  Fe. — ^E.  C.  DeBaca,^  governor; 
Bobert  P.  Ervien,  land  commissioner;  James  A.  French,  State 
engineer. 

Progress  Report 

During  1916,  the  State  highway  commission  graded  and  sur- 
faced 136.45  miles  of  road,  gn^ed  178.09  miles  of  unsurfaced  road, 
and  built  108  bridges. 

^  Died  while  this  book  was  in  press. 
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Road  Funds 

During  1917,  about  $1,300,000  will  be  available  for  the  State 
highway  commission,  about  $393,600  for  county  road  work,  and 
about  $130,000  from  road  bonds. 

(Apinovad  by  Jambs  A.  Funcb,  SUto  Bnsmesr.] 

NEW  YORK 

State  Aid  Legialatian 

The  State  commission  of  highwa3r8  consists  of  a  sin^e  com- 
missioner who  is  appointed  by  the  governor  with  the  consent  of 
the  senate  for  a  period  of  five  years. 

The  commissioner  of  highways  appoints  a  secretary,  auditor, 
and  three  deputy  commissioners.  Each  of  the  deputy  com- 
missioners has  had  practical  experience  in  the  actual  building, 
construction,  and  maintenance  of  highways  and  is  familiar  wiUi 
the  operations  and  effect  of  State  statutes  relating  to  highways 
and  bridges. 

The  first  deputy  is  a  practical  civil  engineer^  whose  duties  re- 
late to  the  plans,  specifications,  and  execution  of  all  contracts 
awarded  by  the  department. 

The  second  deputy's  duties  relate  to  the  maintenance  of  State 
and  county  highways,  and  the  third  deputy's  duties  relate  to 
the  improvement  and  maintenance  of  town  highwayB  and  bridges. 
The  commissioner  has  general  supervision  of  highways  and 
bridges  constructed  or  maintained  in  whole  or  in  part  by  the 
aid  of  State  money;  aids  district,  county,  and  town  superintend- 
ents by  advice  and  information;  investigates  metho<&  of  road 
construction  and  maintenance;  compiles  statistics,  including 
highway  map  of  the  State;  holds  public  meetings,  etc.  The  State 
is  divided  by  the  commission  into  not  more  than  nine  divisions, 
each  in  charge  of  a  division  engineer  who,  under  the  direction  of 
the  commission,  makes  surve3rs,  plans,  specifications,  and  esti- 
mates for  the  construction  and  maintenance  of  highways  in  his 
division  constructed  wholly  or  in  part  by  the  aid  of  State  money. 
All  State  and  county  highways  on  which  the  State  expends  money 
are  inspected  annually  and  a  report  prepared  showing  their  con- 
dition, the  improvements  necessary,  and  the  estimated  cost, 
and  a  report  made  annually  to  the  legislature  setting  forth  the 
amount  required  for  maintenance  for  the  ensuing  year. 

The  highways  of  the  State  are  divided  into  four  classes,  viz: 
State  highways  coiistructed  or  improved  solely  at  the  expense  of 
the  State;  coimty  highways  improved  at  the  joint  expense  of  the 
State  and  county;  town  highways  improved  by  the  towns  with 
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State  aid;  and  county  roads  constructed  by  the  county  without 
State  aid.  The  Stat^  and  county  improved  highways  are  main- 
tained ahnost  entirely  at  the  expense  of  the  State,  each  town  pay- 
ing toward  such  maintenance  the  nominal  sum  of  $50  per  mile 
for  each  nule  or  fractional  part  thereof,  of  the  improved  State  and 
county  highways  within  iJie  town  boimdary.  The  maintenance 
of  town  highways  is  included  in  the  term  ''construction."  The 
^cp^ise  of  maintaining  county  roads  is  a  county  charge. 

Hie  system  of  State  highwa3rs  is  defined  in  the  hi^way  law, 
and  the  routes  described.  The  S3rstem  of  county  highways  is  des- 
ignated on  the  map  which  was  approved  by  the  legislature  of 
1907,  and  is  subject  ix>  modification  by  the  board  of  supervisors 
of  each  coimty.  The  cost  of  improvem^it  of  State  hi^ways  is 
provided  by  fimds  obtained  from  the  sale  of  State  bonds.  The 
State  share  of  the  cost  of  inprovement  of  county  highways  is  se- 
cured from  the  same  source.  The  balance  of  the  cost  of  coimty 
highways  is  borne  by  the  county.  The  board  of  supervisors  of  a 
county  may  petition  for  the  improvement  of  any  county  highway 
designated  on  the  approved  map.  If  the  State  commission  of 
h^ways  a|>proves  the  request,  the  division  engineer  prepares 
plans  and  specifications  which  are  then  sent  to  the  county  super- 
intendent, and  upon  his  approval  thereof,  they  are  forwarded  to 
the  commission  for  approval,  after  which  they  are  submitted  to 
the  board  of  supervisors  for  final  approval  and  appropriation  of 
the  county  share  of  the  cost.  The  commission  may  l^en  adver- 
tise for  proposals,  award  contracts,  and  carry  on  the  work  of  im- 
provement. The  plans  for  State  highways  are  prepared  by  the 
division  engineer,  approved  by  the  county  superintendent,  and 
finally  adopted  by  the  commission,  and  tifie  work  carried  on  in 
the  same  manner  as  that  of  county  nighways. 

After  the  final  payment  under  any  contract  the  State  commis- 
sion files  a  statement  of  cost  with  the  county  treasurer,  who 
thereupon  pays  upon  the  request  of  the  commission  the  county's 
diare  as  foUows:  2  per  cent  of  the  cost  of  each  $1000  of  assessed 
valuation  of  real  and  personal  property  in  the  county  for  each 
mile  of  public  highway  in  such  county,  not  to  exceed  35  per  cent 
of  the  cost  for  the  county.  The  maintenance  of  State  and  county 
highways  is  under  the  direct  supervision  of  the  commission, 
which  also  has  authority  to  provide  for  a  system  of  patrol  of 
highways,  the  patrolman  to  be  appointed  by  the  State  commis- 
sioner of  highways. 

The  State  contributes  to  town  highways  on  the  following  basis: 
(1)  Where  the  assessed  valuation  of  the  town  is  less  than  $5000 
for  each  mile  of  highway  in  such  town,  outside  of  incorporated 
villages,  an  amount  equal  to  the  amount  of  taxes  raised  for  high- 
wa]ni;  (2)  where  the  assessed  valuation  is  $5000  or  over  and  lest 
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than  $7000  per  mile  an  amount  equal  to  90  per  cent  of  such  taxes; 
(3)  where  the  assessed  valuation  is  $7000  or  over  and  less  than 
$9000  per  mile  an  amount  equal  to  80  per  cent  of  such  taxes;  (4) 
$9000  or  over  and  less  than  $11,000,  an  amount  equal  to  70  per 
cent;  (5)  $11,000  or  over  and  less  than  $13,000,  an  amount  equal 
to  60  per  cent;  (6)  $13,000  or  over,  an  amount  equal  to  50  per 
cent.  No  town  shaU  receive  in  one  year  an  average  of  more  than 
$25  per  mile  for  the  total  mileage  of  roads  outside  of  incorporated 
villages,  and  the  amount  which  is  raised  by  local  taxation  shall 
be  such  as  will,  when  added  to  the  amount  received  from  the 
State,  be  not  less  than  $30  for  each  mile  of  highway  in  the  town. 
A  State  bond  issue  of  $50,000,000  was  authorized  in  1906  and 
an  additional  State  bond  issue  of  $50,000,000  in  1912.  The  bond 
issue  was  originally  intended  for  the  improvement  of  a  system  of 
county  highways  aggregating  8,380  miles,  and  to  this  was  added 
a  system  of  State  highways  aggregating  3,617  miles.  The  re- 
cent $50,000,000  bond  issue  is  to  be  expended  as  follows:  $20,000,- 
000  for  the  construction  and  improvement  of  State  highways 
and  $30,000,000  for  the  construction  and  improvement  of  county 
highways.  The  apportionment  among  the  counties  is  on  the  basis 
of  population,  the  measured  mileage  of  public  highways  outside 
of  cities  and  villages,  and  the  total  area,  each  factor  having  a 
weight  of  one-thiid.  Direct  appropriations  are  made  by  the 
legiidature  for  maintenance. 

Local  Road  LegisloHon 

New  York  has  a  rather  centralised  system  in  that  the  State 
Lway  commission,  by  reason  of  its  extending  Bid  to  counties 
and  townships,  exercises  a  limited  supervision  over  practically 
the  entire  road  mileage  of  the  State.  In  the  counties  the  gov- 
erning body  is  the  board  of  supervisors,  and  in  the  townships 
the  township  board.  The  county  superintendent  of  roads  is 
appointed  by  the  county  board  of  supervisors,  but  in  the  event 
they  fail  to  make  such  appointment,  then  tne  State  highway 
commission  makes  the  appointment  or  includes  the  county  in  a 
district  and  appoints  a  district  superintendent.  The  term  of 
office  of  the  superintendent  is  four  years,  but  he  may  be  removed 
by  the  State  highway  conmiission  upon  written  charges.  Such 
superintendent  is  subject  to  the  rules  and  r^ulations  of  the 
State  highway  commission.  The  towns  elect  biennially  a  town 
superintendent  of  highways  who  has  supervision  of  the  highways 
therein,  subject  to  the  regulations  of  the  State  highway  commis- 
sion. The  State  grants  aid  in  the  construction  and  maintenance 
of  practically  every  t3rpe  of  road  iu  the  State,  and  the  various 
road  officials  conduct  their  work  in  accordancelwith  the  r^pi- 
lations  prescribed  by  the  State  highway  conmiission* 
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Local  Bond  Legislation 

'  The  county  board  of  supervisors  may,  by  resolution,  authorise 
(he  issuance  and  sale  of  bonds  for  pa3dng  the  county's  share  of  the 
cost  of  any  highway.  These  bonds  must  not  be  sold  for  less  than 
par,  and  the  amount  of  the  issue  must  not  increase  the  total 
county  indebtedness  to  more  than  10  per  cent  of  the  assessed 
yaluation. 

For  the  purpose  of  pmrchasing  toll  roads  and  bridges,  the  county 
board  may  issue  bonds  which  shall  bear  interest  not  exceeding  5 
per  cent,  shall  nm  not  longer  than  twenty  years,  and  shall  not  be 
sold  below  par. 

Towns  may  issue  bonds  for  road  purposes  when  authorized 
by  the  coimty  board  of  supervisors.  In  the  case  of  towns,  a 
majority  vote  may  increase  the  amoimt  of  issue  to  one-third  of 
the  asaoBBod  valuation  of  the  town. 

Convict  Labor  Legislation 

The  town  superintendent  with  the  consent  of  the  town  board 
may  request  the  supervisor  of  the  town  under  the  provisions  of 
section  93  of  the  counfy  law  to  procure  the  services  of  the  prisoners 
serving  in  the  county  jail  for  general  work  on  the  public  highways 
of  the  town. 

The  board  of  supervisors  of  a  county,  or  the  town  board  of 
a  town  in  which  any  portion  of  a  county  or  State  highway  is 
situated,  may,  on  behalf  of  such  county  or  town,  present  pro- 
posals and  be  awarded  a  contract  for  the  construction  or  improve- 
ment of  such  highways,  in  accordance  with  the  provisions  of 
law.  If  such  contract  be  awarded  to  a  board  of  supervisors  or 
a  town  board,  such  board  shall,  by  resolution,  designate  some 
suitable  person,  or  persons,  to  carry  into  effect  such  contract 
and  to  transact  all  necessary  business  in  respect  thereto,  and 
such  board  may,  by  resolution,  direct  the  person,  or  persons, 
so  designated  to  apply  to  the  superintendent  of  State  prisons 
for  convict  labor  in  the  construction  of  such  highway  or  section 
thereof.  The  resolution  shall  specify  the  maximum  number  of 
convicts  to  be  appUed  for.  The  superintendent  of  State  prisons 
shall  detail  for  labor,  pursuant  to  such  resolutions  and  requests, 
such  number  of  convicts  as  shall  be  available  tiierefor  not  ex- 
ceedinf^  the  number  applied  for.  Such  convicts  shall  be  in  the 
immediate  charge  and  custody  of  the  officers  and  guards  detailed 
by  the  superintendent  of  State  prisons,  and  shall  at  all  times 
be  subject  to  the  control  of  such  superintendent,  except  that  the 
work  to  be  done  shall  be  directed  by  the  engineers  and  foremen 
of  the  State  highway  department.    The  expense  of  maintenance 
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of  such  convicts  shall  be  paid  by  the  county  or  town  entering 
into  such  contract,  from  funds  due  thereon  to  such  municipality. 
The  prison  labor  commission  is  authorized  to  acquire  so  much 
land  for  agricidtural  and  quarry  purposes  as  may  be  selected  by 
said  commissioui  and  transfer  prisoners  for  agricultural  purposes, 
and  to  be  employed  in  the  quarrying  and  preparation  of  building 
and  road  materials. 

Civil  Service  Law  Applicable  to  Road  Officials 

The  State  commissioner  of  highways  shall  appoint  such  resident 
engineers,  district  superintendents,  clerks,  officers  and  emplo3ree8 
as  may  be  required,  subject  to  the  civil  service  law  and  other 
provisions  of  law,  within  the  amount  appropriated  therefor, 
unless  the  appointment  of  such  clerks,  officers,  or  employees 
is  otherwise  provided  for  by  law.  District  supermtendents, 
appointed  as  provided  in  this  chapter,  shall  be  appointed  from 
lists  prepared  from  examinations  which  shall  test  their  qualifi- 
eations  for  the  actual  construction  and  maintenance  of  high- 
ways and  their  executive  capacity,  rather  than  their  scientific 
attainments.  Clerks,  other  than  those  employed  in  the  prin- 
.  eipal  office  of  tiie  commissioner  of  highways,  inspectors,  and 
other  employees  in  the  department,  whose  duties  pertain  to  the 
maintenanee  c^  highways,  AeJl  likewise  be  selected  from  lista 
prepared  from  examinations,  testing  their  general  knowledge 
of  the  highway  ]&w  and  of  the  practical  construction  of  high 
wa3rs.  Inspectors  of  construction,  other  than  engineers  and 
levelers,  shdl  be  selected  from  lists  similarly  prepared,  except 
that  they  shall  be  residents  of  the  county  within  which  the  high- 
way constructed  or  improved  is  located.  To  the  end  that  the 
employees  of  the  department  of  highways  engaged  in  the  work 
of  constructii^,  improving,  or  maintaining  highways  under 
the  provisions  of  this  chapter  may  be  practical  highway  builders, 
the  commissioner  of  highways  is  authorized  to  indicate  to  the 
civil  service  conmiission  the  relative  value  which  should  be  given 
to  experience  and  scientific  attaimnents.  The  commissioner 
of  highways,  subject  to  the  provisions  of  civil  service  law,  may 
remove  the  division  engineers,  resident  engineers,  district  super- 
intendents, clerks,  officers  and  employees  of  the  department. 

Auiomobile  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  25  h.p.  or  less,  $5;  26 
to  34  h.p.,  $10;  35  to  49  h.p.,  $15;  50  h.p.  and  above,  $25;  all 
motor  vehicles  used  for  commercial  purposes  only,  $10  to  $70, 
according  to  combined  weight  of  truck  and  rated  carrying  capac- 
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ity ;  passenger  omnibuses  operating  wholly  in  a  municipality,  $10; 
passenger  omnibuses  operating  outside  municipalities,  $15  to 
$67.50,  according  to  carrying  capacity;  dealers  and  manufacturers, 
$15;  chaujSeur's  license,  $5;  motor  cycles  exempt. 

llie  secretary  of  State  receives  all  fees  from  r^istrations,  fines 
and  forfeitures  in  the  first  instance.  Fifty  per  cent  of  the  money 
so  received  is  turned  over  to  the  state  treasurer  and  is  used  by 
the  State  commission  of  highways  for  the  repair  and  maintenanoe 
of  State  and  county  improved  highwa]^.  The  remaining  50  per 
cent  is  distributed  among  the  counties  in  which  the  fees  were  col- 
lected, each  county  thus  receiving  50  per  cent  of  the  total  fees 
paid  by  residents  of  that  coimty.  The  moneys  received  by  the 
coimties  are  used  for  the  permanent  construction  or  improvement 
of  town  highways  only  in  said  county.  The  city  of  New  York 
receives  50  per  cent  of  the  total  amoimt  of  fees  collected  in  that 
city,  in  the  same  manner  as  the  counties  receive  their  proportion- 
ate share. 

Highway  Ojfficiali 

State  Commisnoner  of  Highways. — ^Edwin  Duffey;  first  deputy 
commissioner,  H.  Eltinge  Breed;  second  deputy  commissioner, 
Fred  W.  Sarr;  third  deputy  commissioner,  Benjamin  J.  Rice; 
auditor,  Sephrme  D.  Gilbert;  secretary,  Irving  J.  Morris;  asslBtant 
secretary,  Frank  R.  Pennock. 

Progress  Bepori 

During  1916,  contracts  were  awarded  for  667  miles  of  State 
and  county  highways,  for  which  the  State  appropriation  was 
$6,902,930.81,  the  county  appropriations  $2,321,029.89  and  the  vil- 
li^e  appropriations  $621,550,  a  total  of  $9,845,510. 

Dunng  1916  379  miles  were  completed  and  officially  accepted 
and  136  miles  were  completed  but  not  accepted,  a  total  of  551 
miles  built  during  the  year.  There  were  935  miles  of  unfinished 
road  under  contract  on  January  1,  1917. 

The  designated  State  and  county  highway  S3rstem8  have  a  total 
length  of  11,988  miles,  of  which  7778  miles  are  completed  or  und«r 
contract. 

Road  Funds 

A  bond  issue  of  $50,000,000  was  voted  in  1906  and  another  in 
1912;  $85,000,000  of  these  issues  have  been  spent  or  are  obligated. 
The  department  wiU  request  the  legislature  to  make  an  appropria- 
tion of  not  to  exceed  $5,000,000  for  1917.  In  addition,  the  l^is- 
lature  has  been  requested  to  provide  $4,500,000  for  maintenance 
and  repair  of  county  h]ghwa3rB  improved  by  State  aid.    Forty 
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thousand  dollars  will  be  requested  for  the  maintenance  of  roads 
within  Indian  Reservations;  $1|945,000  for  the  maintenance  and 
improvement  of  town  highways.  It  is  expected  that  about 
$3;50O,O0O  will  be  raised  by  the  towns  and  counties  for  local  road 
work.  The  total  hi^way  expenditure  for  1917  is  estimated  at 
about  S14,000,000. 

If  the  State  of  New  York  accepts  federal  aid,  an  appropriation 
for  that  purpose  will  be  made  on  the  part  of  the  State  to  the  ex- 
tent of  about  $250,000,  which,  with  a  similar  amount  contributed 
by  the  federal  government  will  make  a  total  of  upwards  of  one- 
half  million  dolkrs  for  the  improvement  of  postal  routes  and  main 
thorou^ares. 

[Approred  by  Ibtino  JT.  Mobbib,  Searataiy  State  Commifldon  of  Hicbwaja.] 

NORTH  CAROLINA 

State  Aid  Legialation 

In  1915,  the  legislature  passed  an  act  creating  a  State  highway 
commission  'Ho  assist  the  counties  in  developing  a  State  and 
county  system  of  highways."  It  consists  of  the  governor,  three 
citizens  from  the  eastern,  middle  and  western  parts  of  the  State 
respectively,  the  State  geologist,  a  professor  of  civil  engineering 
of  the  University  of  North  Carolina,  and  a  professor  of  the  North 
Carolina  Agricultural  and  Mechanical  College.  They  serve  for 
four  years  and  their  actual  expenses  are  paid.  The  commission 
appoints  a  State  highway  engineer  for  a  term  of  six  years. 

The  road  officials  of  any  county  may  call  on  the  State  highway 
engineer  for  advice  on  any  road  and  bridge  problem,  in  which  case 
he  makes  the  necessary  surveys,  plans,  specifications  and  esti- 
mates for  them.  If  the  work  is  carried  out,  it  must  be  constructed 
according  to  these  plans;  if  it  is  not  carried  out,  the  county  must 
reimburse  the  State  highway  commission  for  its  expense  in  fur- 
nishing the  information.  The  State  highway  engineer  niust  also 
"supply  technical  information  regarding  roads  to  any  citizen  or 
officer  in  the  State."  He  must  prepare  plans,  specifications  and 
estimates  for  a  system  of  roads  connecting  the  county  seats  and 
principal  cities  and  make  traffic  censuses.  The  commission  is 
required  to  cooperate  with  county  commissioners  in  educational 
work  concerning  the  value  of  good  roads. 

Local  Road  Legislation 

In  some  counties  the  roads  are  imder  boards  of  coimty  commis- 
sioners, in  other  coimties  they  are  under  the  township  authori- 
ties, but  in  most  coimties  they  are  subject  to  special  laws.  Road 
taxes  are  worked  out. 
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Local  Bond  Legislation 

Upon  presentation  of  a  petition  by  not  less  than  one*f  ourth  of 
the  qualified  voters  of  any  township  to  the  board  of  county  commis- 
sioners, the  board  shall  within  thirty  days  ordei  an  election  in 
the  town  to  determine  if  bonds  shall  be  issued.  This  election  shall 
be  held  subject  to  the  rules  and  regulations  of  the  general  election 
laws  of  the  State,  and  a  majority  vote  of  the  qualified  voters  shall 
be  necessary.  Such  elections  shall  not  be  held  oftener  than  every 
twelve  months.  The  amount  of  bonds  that  may  be  so  issued 
shall  not  exceed  $50,000  for  any  one  township  in  any  county, 
and  the  bonds  shall  be  paid  by  the  township  for  which  they  art 
issued,  and  shall  not  be  chargeable  against  any  property  or  polls 
outside  of  the  township.  These  bonds  shall  be  coupon  bonds, 
shall  bear  not  to  exceed  5  per  cent  interest,  and  shall  be  sold  for  not 
less  than  par  value,  and  the  interest  and  sinking  fund  charges  shall 
be  met  by  appropriate  annual  taxation.  The  fund  raised  by  this 
taxation  in  excess  of  the  amount  required  to  pay  interest  shall  be 
safely  invested  by  the  board  of  commissioners  and  the  county 
commissioners  are  authorized  to  purchase  any  of  these  bonds  to 
the  amount  of  this  excess  annually,  and  after  ten  years  they  may 
purchase  at  a  bxuxx  not  exceeding  par  value,  one-twenty-fifth  of 
the  bonds  issued  for  any  township. 

Convict  Labor  Law 

In  counties  having  arrangements  for  working  convicts  upon 
public  roads,  the  presiding  judge  shall  sentence  the  following 
convicts  to  such  work:  All  those  convicted  of  crimes,  the  punish- 
ment of  which  is  imprisonment  in  the  county  jail;  those  convicted 
of  crimes  the  punidunent  of  which  is  confinement  in  the  State 
penitentiary  not  exceeding  ten  years;  those  sentenced  to  imprison- 
ment in  a  county  jail  by  a  magistrate. 

It  is  expected  that  over  2500  men  will  be  available  for  road 
work  in  1917. 

Automobile  Registration 

Tbe  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  25  h.p.  or  less,  $5;  26  to 
40  h.p.,  S7.50;  41  h.p.  and  over,  $10;  motor  cycles,  $2;  manu- 
facturers and  dealers,  $10. 

The  registration  revenue  shall  be  paid  into  the  State  treasury  and 
a  separate  account  kept  of  it.  On  July  1,  of  each  year,  80  per  cent 
of  such  revenue  shall  be  returned  to  the  county  from  which  col- 
lected for  expenditure  upon  the  public  roads  of  such  county  and  for 
no  other  purpose.    A  bill  has  been  introduced  into  the  general 
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assembly  to  use  the  automobile  tax  for  highway  maintenance 
under  the  supervision  of  the  State  highway  commission. 

Progress  Report 

The  commission  assisted  65  counties  in  their  road  work  and 
prepared  plans  and  roecifications  and  assisted  in  the  construction 
of  a  large  number  of  bridges  in  1916.  These  bridges  mostly  re- 
placed i^ructures  destroyed  by  heavy  floods  in  July. 

Rocul  Funds 

The  State  appropriates  S10,000  a  year  for  the  State  highway 
commission,  but  a  bill  has  been  introduced  into  the  general  as- 
sembly increasing  this  to  $75,000. 

For  the  1917  road  fund  it  is  estimated  that  about  $2,750,000 
will  be  received  from  property  and  poll  taxes,  $2,300,000  from  bond 
issues,  and  $200,000  from  automobile  and  dog  taxes  and  other 
sources,  maldng  a  total  of  $5,250,000. 

Highway  Officials 

State  Highway  Commission. — Governor  Thoe.  W.  Bickett,  Bene- 
han  Cameron,  E.  C.  Duncan,  Prof.  T.  F.  Hickerson,  Prof.  Joseph 
Hyde  Pratt,  Prof.  W.  C.  Riddick  and  Guy  V.  Roberts.  W.  S. 
Fallis  is  State  highway  engineer.  The  commission's  office  is  in 
Raleigh. 

Approved  by  W.  S.  Fallis,  State  Highway  EnitneerJ 

NORTH  DAKOTA 

State  Aid  Legislation 

At  the  general  election  on  November  3,  1914,  an  amendment 
to  the  constitution  was  adopted,  providing  that  the  State  may 
grant  aid  in  the  construction  and  improvement  of  public  hi|^wa3r8. 

The  State  law  provides  that  inmates  of  the  State  penitentiaiy 
may  be  used  upon  the  public  highwa3n9.  However,  no  convict 
labor  has  been  used,  for  the  reason  that  all  of  the  convicts  ai« 
needed  to  keep  the  regular  industries  of  the  penitentiaiy  in  opera- 
tion. 

The  members  of  the  State  highway  commiission,  consisting 
of  the  governor,  the  Stete  engineer,  and  one  other  member  to 
be  appointed  by  the  governor,  serve  without  extra  compensation. 
It  is  their  duty  to  prepare  plans  and  specifications  and  super- 
intend the  construction  of  any  roads,  when  requested  by  any 
board  having  jurisdiction  over  such  roads,  and  to  give  advice, 
asBiatanoe  and  supervision  with  regard  to  road  constniotion 
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throughout  the  State,  as  time  and  conditions  permit^  and  as  the 
rules  and  regulations  of  the  commission  may  prescribe;  to  have 

1)repared  maps  of  the  various  counties  showing  the  roads  and 
ocation  of  bridges  and  culverts,  and  showing  roads  on  which 
is  is  proposed  to  utilize  State  funds  whenever  such  funds  may  be 
available.  They  shaU  also  issue  bulletins  containing  advice  and 
suggestions,  and  the  law  concerning  highway  construction,  from 
time  to  time,  as  they  shall  deem  practicable. 

It  is  the  duty  of  tiie  State  engineer,  when  requested  by  any 
board  of  county  commissioners  or  township  supervisors,  to  pre- 
pare plans  for  the  construction  of  any  bridges  or  culverts,  or  to 
ezamme  and  report  on  existing  bridges  or  culverts,  charging  to 
the  county  or  township  for  wUch  such  work  is  done,  the  actual 
and  necessaiy  expenses  and  the  cost  of  the  work. 

At  the  time  of  going  to  press  the  legislature  was  considering 
two  bills  greatly  cl^ging  the  State  road  laws. 

Local  Road  Legislation 

Under  the  North  Dakota  highway  laws,  in  coimties  having  no 
civil  township  organization  the  county  board  of  commissioners 
act  as  a  highway  board;  in  organized  townships  the  authority  is 
vested  in  the  board  of  supervisors.  In  localities  where  there  is 
unorganized  territory  the  county  commissioners  may  create  as 
many  road  districts  as  in  their  judgment  is  deemed  expedient, 
and  may  apix)int  for  each  district  an  overseer  of  highways.  At 
the  first  meeting  of  a  township  board,  succeeding  the  annual  town 
meeting,  it  shall  appoint  for  one  year  a  township  overseer  in  direct 
ohiurge  of  the  construction  and  maintenance  of  highways.  In 
unorganized  territory  the  district  overseer  of  highways  shall  have 
the  same  powers  and  duties  as  township  overseers  of  highways  in 
organized  townships.  In  coimties  having  a  coimty  supermtendent 
of  highwa3rs  the  town^p  road  overseer  shall  be  ex-officio  deputy 
county  superintendent  of  highways  for  his  respective  township.  A 
law  was  passed  in  1915  creating  a  board  of  highway  improvements 
in  each  county,  consisting  of  one  member  from  each  road  district, 
which  is  required  to  formulate  plans  and  methods  for  the  uniform 
working  and  establishing  of  highwa3rs  within  the  county.  Such 
metho<&  as  they  adopt  must  be  followed  in  each  of  the  districts 
in  said  cotmty. 

Local  Bond  Legislation 

Section  188  of  article  12  of  the  constitution  authorizes  counties, 
townships,  cities,  towns,  or  other  political  subdivisions  to  create 
an  indebtedness  not  to  exceed  5  per  cent  of  the  assessed  valuation 
of  ih»  taxable  property  therein,  but  apparently  there  has  been  no 
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general  statutory  enactment  permitting  the  creation  of  an  indebt- 
edness for  road  purposes  under  authority  thus  conferred. 

Cotmct  Labor  Laws 

The  board  of  control  is  authorized  to  employ  upon  the  public 
highways,  under  the  supervision  of  proper  guards,  aU  the  couTicts 
not  needed  in  the  State  twine  plant  and  other  established  peni- 
tentiary industries.  They  may  also  be  employed  by  the  several 
counties  of  the  State  for  work  on  the  public  roads  'thereof  when 
it  is  mutually  so  agreed  by  the  county  commissioners  and  the 
State  board  of  control,  the  coimty  paying  all  the  salaries  and  ex- 
penses in  connection  with  said  work.  The  convicts  shall  at  all 
times  be  under  State  control,  and  shall  be  supervised  by  skilled 
laborers  who  shall  at  the  same  time  act  as  guards.  As  nearly  as 
practicable,  all  the  men  shall  be  pledged  on  their  word  of  honor 
not  to  attempt  to  escape,  they  shall  be  dressed  uniformly,  and 
shall  bear  some  insignia  not  too  conspicuous,  and  shall  not  be 
required  to  work  more  than  ten  hours  in  any  one  day.  Also,  a 
convict  shall  not  be  assigned  to  work  in  the  community  from 
which  he  came. 

The  convicts  are  entitled  to  a  credit  of  from  10  to  25  cents  per 
day,  the  exact  amount  depending  upon  the  amount  and  manner  of 
work  done,  and  in  addition  thereto,  tiiose  assigned  to  outside  work 
are  entitled  to  a  double  allowance  of  "good  time.'' 

AidomcbUe  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.    The  registration  fee  for  all  motor  vehicles  is  $3. 

The  net  registration  revenue  is  returned  to  the  county  from 
which  coUect«d  for  eiroenditure  for  repairs  and  maintenance  of 
the  main  traveled  roaos  of  the  county,  provided  that  no  part  of 
said  fimds  shall  be  expended  within  the  limits  of  an  incorporated 
town  or  city,  nor  witlun  any  township  that  does  not  levy  a  road 
tax  of  at  least  6  mills  on  the  doUsr  of  assessed  valuation.  (Chapter 
No.  0,  Laws,  1911.) 

Progress  Report 

During  1015  the  State  engineer  issued  standard  specifications  to 
a  number  of  counties,  and  engineering  services  were  performed  for 
several  counties.  Plans  and  specifications  were  also  prepared  for 
a  $20,000  bridge  undertaken  mainly  by  private  subscription.  It 
is  estimated  £at  during  1017  over  $2,700,000  will  be  spent  for 
roads  and  bridges. 
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Road  Funds 

In  addition  to  funds  secured  by  automobile  and  motor  cycle 
licenses,  the  highway  maintenance  funds  are  seciired  by  means  of 
a  poll  tax  of  $1.60  and  a  property  tax  of  not  to  exceed  4  mills  on 
the  dollar  for  bridges  and  not  to  exceed  6  mills  for  highways. 
In  each  county  having  a  population  of  2000  or  more,  according 
to  the  latest  United  States  or  State  census,  there  is  levied  a  prop- 
erty tax  of  not  less  than  0.25  mill  nor  more  than  4  mills,  which  is 
kept  in  a  distinct  fund  known  as  the  county  road  fund  and  is  spent 
in  highway  improvement  under  the  direction  of  the  county  com- 
missioners. This  fund  is  in  addition  to  all  other  taxes  for  h^hway 
purposes  and  is  expended  only  in  grading,  ditching  and  surfacing 
the  principal  county  thorougMares  for  which  the  means  otherwise 
provided  are  not,  in  the  opinion  of  the  county  commissioners, 
sufficient. 

The  electors  of  each  township  have  power  at  their  annual  meet- 
ing to  vote  to  raise  such  sums  of  money  for  the  repair  and  con- 
struction of  roads  and  bridges  as  they  shall  deem  expedient,  pro- 
vided, that  the  amount  of  tax  for  road  purposes  shall  not  excc^ 
8  mills  on  the  dollar,  and  the  tax  for  bridge  purposes  shall  not 
exceed  2  mills  on  the  dollar. 

Highway  Officials 

State  Engineer. — Jay  W.  Bliss,  Bismarck. 
Highway   Commiseion. — ^Lynn  J.  Frazier,  Bismarck;   C*   A. 
Grow,  Minot;  Jay  W.  Bliss,  Bismarck. 

(Appnrrad  by  Jat  W.  Buas,  State  EngiiMwr.] 

OHIO 

State  Aid  LegieUUion 

There  is  a  State  highway  department  to  a£ford  instruction, 
assistance  and  codperation  In  the  construction,  improvement  and 
maintenance  and  repair  of  the  public  roads  and  bridges  of  the  State. 
It  is  imder  a  State  highway  commissioner,  appointed  by  the  gov- 
ernor for  four  years,  who  appoints  three  deputy  highway  commis- 
sioners, all  required  to  be  civil  engineers  and  one  of  them  desig- 
nated by  him  as  chief  highway  engineer.  One  deputy  has  charge 
of  road  construction,  another  of  road  maintenance  and  repair,  and 
the  third  of  bridges  and  culverts.  The  State  highway  commis- 
sioner also  appoints  as  many  division  engineers,  superintendents, 
inspectors,  clerks  and  other  assistants  as  the  work  requires. 

The  State  highway  commissioner  supervises  the  construction, 
improvement,  maintenance  and  repair  of  inter-county  highways 
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and  main  market  roads,  including  their  bridges  and  culverts. 
Seventy-five  per  cent  of  the  State  highway  improvement  fmid  is 
spent  on  int^-county  highways,  and  is  equally  divided  between 
the  coimties;  25  per  cent  is  spent  on  main  market  roads  and  must 
be  spent  so  as  to  distribute  equitably  the  benefits  from  such  ex- 
penditure to  the  different  counties.  The  inter-county  highways 
have  been  designated  by  statute  and  by  th^  State  highway  com- 
missioner; the  main  market  roads  form  part  of  these  highways 
and  were  similarly  designated. 

The  State  highway  commissioner  advises  county  commissioners 
on  road  construction  and  maintenance.  Plans  for  bridges  costing 
over  $10,000  on  county  and  township  roads  must  be  approved  by 
him,  and  he  prepares  plans  for  constructing  and  repairing  any 
highway  bridge  when  requested  by  local  authorities.  Tests  and 
investigations  of  road  and  bridge  materials  are  made  for  him  by 
the  Ohio  State  University.  He  is  responsible  for  the  maintenance 
and  repair  of  all  roads  and  bridges  built  with  State  aid  or  taken 
over  after  construction. 

The  legislatiu*e  in  session  Tfiien  this  book  went  to  press  was 
expected  to  make  material  changes  in  the  highway  laws. 

Local  Road  LegisUdian 

The  improvement  of  roads  in  a  township  is  under  its  board  of 
trustees,  but  the  plans  and  specifications  must  be  provided  by 
the  county  highway  superintendent,  who  is  also  the  county 
surveyor,  and  the  work  must  be  done  under  his  supervision  and 
all  payments  for  it  must  have  his  approval.  Each  township  has 
one  to  four  road  districts,  with  a  township  highway  superintend- 
ent in  each,  appointed  by  the  trustees;  he  has  control  of  town- 
ship roads  under  the  direction  of  the  trustees,  but  also  reports 
annually  to  the  county  highway  superintendent  and  must  comply 
with  all  regulations  of  the  latter  not  in  conflict  with  instructions 
from  the  trustees. 

The  location,  alteration  and  vacation  of  all  roads  in  a  county, 
except  inter-county  and  main  market  roads,  are  under  the  county 
commissioners.  The  latter  also  have  power,  when  petitioned  by 
over  half  of  the  owners  of  property  taxed  for  the  improvement,  to 
construct,  reconstruct,  repair  or  maintain  new  or  existing  roads; 
they  can  also  undertake  such  work  without  petition  by  unanimous 
vote.  Plans  and  specifications  must  be  prepared  for  such  work 
by  the  county  surveyor. 

A  county  road  improvement  may  be  extended  through  a  munic- 
ipality with  the  consent  of  its  coimcil,  if  the  municipality  will  pay 
a  part  of  the  cost. 

The  county  highway  superintendent  has  general  charge,  subject 
to  the  regulations  of  the  State  highway  department,  of  the  con- 
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stniction,  improvement,  maintenance  and  repair  of  all  bridges 
and  State,  coimty  and  township  highways  in  the  coimty.  He 
may  be  removed  by  the  State  highway  conmiissioner  for  incom- 
petence or  neglect,  and  may  call  on  the  State  highway  conmiis- 
sioner for  advice  and  assistance. 

When  40  per  cent  of  all  roads  in  a  coimty  have  been  improved 
with  gravel,  broken  stone,  slag,  brick,  cement  or  bitmninous 
materials  to  a  standard  approved  by  the  State  highway  commis^ 
■ioner  and  the  coimty  commissioners  make  an  appropriation  for 
constructing  or  improving  inter-county  roads,  they  may  apply  to 
the  State  highway  commissioner  for  State  aid.  This  is  then 
furnished  to  an  equal  amount  by  the  State  highway  commissioner 
from  the  county's  apportionment  of  any  road  funds  in  the  State 
treasury,  but  must  be  spent  in  accordance  with  plans  approved 
by  the  State  highway  commissioner.  The  work  is  advertised  and 
let  by  the  State  hi^way  commissioner.  The  local  contribution 
of  50  per  cent  of  the  cost  of  roads  thus  built  is  subdivided  inte  25 
per  cent  from  the  county,  15  per  cent  from  tewnships  and  10  per 
cent  from  special  assessments.  When  the  local  contribution 
exceeds  the  county's  apportionment  of  State  aid  fimds,  the  dis- 
tribution of  costs  is  adjusted  by  mutual  i^eement. 

No  load  exceeding  3400  pounds,  inclusive  of  the  weight  of  the 
vehicle,  shall  be  carried  by  a  vehicle.  Anybody  driving  on  an  im- 
proved road  a  traction  engine  with  tires  equipped  with  lugs, 
spikes  or  other  projections  seriously  destructive  to  the  highway, 
maQ  be  fined  not  less  than  110  or  more  than  $200  for  each  offense. 

Local  Band  LegialaUan 

If  the  township  road  tax  is  inadequate  to  meet  expenses  for 
road  construction  and  repair,  bonds  te  supply  the  funds  lacking 
may  be  authorized  by  a  majority  vote  of  the  electors  of  the  town- 
ship. The  bonds  may  not  bear  over  6  per  cent  interest  or  run 
longer  than  10  years,  and  may  be  issued  in  denominations  of  $100 
to  $1000.  The  payment  of  principal  and  interest  is  met  by  taxa- 
tion in  addition  te  the  general  township  tax,  subject  to  the  limi- 
tation on  the  combined  maximum  rate  for  all  taxes. 
'  Townships  may  issue  5  per  cent  10-year  bonds  in  anticipation 
of  taxes  to  pay  for  quarries,  gravel  pits  and  equipment  for  working 
them. 

County  road  bonds  running  not  more  than  10  years  and  bearing 
not  more  than  5  per  cent  interest  may  be  issued  by  the  county 
commissioners  in  anticipation  of  taxes  and  assessments,  but  they 
cannot  be  sold  for  less  than  par.  The  proceeds  are  restricted  for 
use  on  the  improvement  for  which  they  are  issued.  Five  per  cent 
county  road  bonds  running  five  years  may  be  issued  in  anticipa- 
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tion  of  taxes  and  assessments  to  meet  the  local  share  of  roads  built 
with  State  aid,  but  the  total  issue  must  not  exceed  1  per  cent  of 
th^  county's  tax  duplicate. 

Convict  Labor  Laws 

State  convicts  may  be  used  on  State  aid  roads  or  in  preparing 
materials  for  the  roads.  The  prison  authorities  prepare  the  regu- 
lations for  the  government  of  the  convicts,  but  the  work  and  the 
manner  of  doing  it  are  under  the  control  of  the  State  highway 
commissioner.  The  latter  pays  the  transportation,  maintenance 
and  guarding  expenses  plus  an  amount  to  each  prisoner's  credit 
for  fis  work.  County  commissioners  may  also  employ  State 
convicts  on  the  same  terms,  and  may  also  employ  prisoners  in 
county  jails  and  workhouses,  at  a  rate  agreed  upon  between  the 
conunissioners  and  the  prison  authorities.  Convicts  and  pris- 
oners may  also  be  used  on  contract  work. 

Road  Funds 

The  board  of  trustees  of  a  town  may  levy  a  tax  not  exceeding  3 
mills  annually  for  improving,  maintaining  or  repairing  roads.  A 
2-mill  tax  may  also  be  levied  for  township  contributions  to  the 
cost  of  roads  built  with  State  aid.  A  township  tax  may  be  levied 
for  acquiring  quarries  and  gravel  banks. 

County  road  expenses  are  met  in  eight  ways.  1.  From  35  to  50 
per  cent  of  the  cost  of  an  improvement  may  be  taken  from  pro- 
ceeds of  general  county  taxes,  from  25  to  40  per  cent  from  the 
proceeds  of  county  road  taxes,  and  the  balance  raised  by  special 
assessment  on  a  two-mile  strip  of  land.  2.  From  one-half  to 
two-thirds  of  the  cost  may  be  taken  from  the  proceeds  of  coimty 
road  taxes  and  the  balance  raised  by  special  assessment  on  a  two- 
mile  strip.  3.  Any  part  of  the  cost  may  be  raised  by  special  as- 
sessment on  abutting  property,  the  balance  to  be  paid  by  the 
county  and  townships.  4.  Any  part  may  be  raised  by  special 
assessment  on  a  two-mile  strip  and  the  balance  paid  from  county 
funds.  5.  The  entire  cost  may  be  met  by  special  assessment  on  a 
two-mile  strip  of  land.  6.  The  entire  cost  may  be  raised  by*, 
special  assessment  on  a  four-mile  strip.  7.  Not  over  half  the 
cost  may  be  paid  out  of  the  proceeds  of  the  county  road  taxes  and 
the  balance  raised  by  assessment  on  a  one-mile  strip.  8.  The 
entire  cost  may  be  met  by  special  assessments  on  a  two-mUe  or 
four-mile  strip,  as  the  petitioners  request;  or  not  over  half  the  cost 
may  be  raised  by  special  assessment  on  a  one-mile  strip  and  the 
remainder  may  be  taken  from  the  proceeds  of  county  road  taxes. 
By  unanimous  vote  the  county  commissioners  may  pay  the  entire 
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cost  of  an  improvement  from  county  road  funds,  or  may  agree 
with  the  authorities  of  townships  in  which  the  improvement  is 
made  for  «  division  of  the  expenses.  The  county  road  tax  must 
not  exceed  2  mills  and  the  total  taxation  must  not  exceed  the  limi- 
tation on  the  combined  maximum  rate  for  all  taxes.  The  countv 
may  also  levy  a  tax  not  exceeding  3  mills  on  the  propei::ty  in  each 
township  in  which  a  coimty  road  improvement  is  made,  for  the 
purpose  of  meeting  the  township's  share  of  the  cost.  The  county 
may  also  levy  a  1-mill  tax  for  its  contribution  to  roads  built  with 
State  aid. 

One-half  the  fimds  from  automobile  registration  are  used  for 
maintaining  the  inter-coimty  highwajrs  and  one-half  for  main- 
taining the  main  market  roads. 

An  annual  tax  of  0.3  mill  is  levied  to  furnish  the  State  hi^way 
improvement  fund  and  is  outside  the  limitation  upon  maximum 
combined  taxes. 

Automabtle  Registration 

Automobiles  are  registered  with  the  secretary  of  State,  the  an- 
nual fees  being:  motor  cycles,  $2;  electric  vdfdde,  $3;  gasoline 
or  steam  vehicle,  S6. 

Highway  Officials 

State  highway  commissioner,  CUnton  Cowen;  deputy  commis- 
sioner in  charge  of  construction,  H.  M.  Sharp;  deputy  commis- 
sioner in  charge  of  bridges,  John  R.  Chamberlin;  deputy  com- 
missioner in  charge  of  maintenance,  A.  H.  Hinkle;  chief  clerk,  H. 
L.  Hastings;  secretary,  M.  L.  Freeman. 

lAppioved  by  Climtoh  Ck^wmr,  Stftte  Highway  CommiarfoiMr.] 

OKLAHOMA 

State  Aid  Legislation 

The  State  department  of  highways  is  imder  the  charge  of  the 
State  commissioner  of  highways.  He  is  required  to  furnish  without 
charge  to  any  road  official  standard  plans  and  specifications  for 
roads  and  bridges,  to  report  on  plans  and  specifications  submitted 
by  any  road  official,  to  compile  statistics  of  the  roads  in  the  State, 
to  establish  in  each  county  standards  for  the  construction  and 
maintenance  of  its  roads  and  bridges,  and  to  advise  with  State 
and  municipal  authorities  on  water  and  sewerage  projects.  With 
the  consent  of  the  governor  he  appoints  a  State  engineer  and  an 
assistant  State  engineer. 
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The  State  aid  roads  are  designated  originally  by  tiie  county 
officiab,  and  the  State  and  counties  contribute  equally  toward 
their  cost. 

Local  Rood  LegMaiion 

The  board  of  county  commissioners  of  each  coimty  must  ap- 
point a  county  engineer,  who  must  pass  an  examination  held  for 
the  State  department  of  highways  by  a  board  composed  of  three 
disinterested  civil  engineers.  Chie  person  may  serve  as  coimty 
engineer  for  two  or  more  counties.  The  board  of  county  com- 
missioners selects  from  10  to  15  per  cent  of  the  total  mileage  of 
roads  connecting  principal  market  points  in  the  county  and  join- 
ing similar  roads  in  adjacent  coimties,  to  serve  as  State  roads. 
This  sjrstem  of  State  roads  is  examined  by  the  commissioner  of 
highwa3rB;  and  only  such  portions  as  are  approved  by  him  are 
adopted  as  State  roads.  If  any  coimty  fails  to  designate  such  a 
road  83rBtem,  the  commissioner  of  highways  has  power  to  do  so. 
The  surveys  and  plans  for  these  roads  are  prepared  by  the  county 
engineer.  All  bridges  and  culverts  must  be  permanent  and  ap- 
proved by  the  department  of  highways. 

Other  roads  are  under  the  township  officials.  When  the  State 
roads  of  a  county  are  finished,  township  roads  of  an  equal  standard 
of  construction  may  be  added  to  the  State  S3rstem.  The  road 
work  of  each  township  is  under  a  road  superintendent,  but  the 
plans  and  specifications  must  be  furnished  by  the  county  engineer. 

After  January  1, 1917,  no  draft  wagon  of  2  tons  capacity  or  more, 
having  metal  tires  less  than  3  inches  wide,  may  be  sold  in  the  State 
under  penalty  of  a  fine  of  $5  to  $25  for  each  sale. 

All  male  residents  are  required  to  work  on  roads  or  pay  $5  com- 
mutation to  the  local  road  authorities. 

Local  Bond  Legislation 

The  township  board  may  issue  bonds  in  an  amount  not  exoaedmg 
8  per  cent  of  the  taxable  property  upon  a  three^fifths  vote  at  a 
■pedal  election.  The  bond  interest  flhall  not  exceed  6  per  oeat, 
and  the  term  shall  not  exceed  twenty-five  years.  An  annual  tax 
shall  be  levied  to  pay  the  interest  and  to  create  a  sinking  fund  for 
the  redemption  of  the  bonds  at  their  maturity^. 

The  county  commissioners  of  any  county  are  authorisedi  upon 
a  three-fifths  vote  of  those  voting  at  a  speciid  election,  to  iasat 
county  bonds  for  building,  repairing  or  acquiring  bridges,  or  build- 
ing roads  surfaced  with  gravel,  stone  or  other  hard  material,  and 
the  term  of  the  bonds  shall  not  exceed  twenty-five  years.  An 
annual  tax  is  levied  to  meet  the  interest  and  sinking  f imd  charges 
on  the  bonds.    All  work  done  imder  a  bond  issue  must  be  per- 
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fonned  under  an  engineer  designated  by  the  State  hi^way  com- 
missioner. 

Convict  Labor  Laws 

State  convicts  are  required  to  be  worked  on  public  highways  as 
continuously  as  possible.  The  State  board  of  pubhc  affairs 
furnishes  tools,  machinery  and  draft  animals;  the  cost  of  quarters, 
food,  medical  attendance  and  guards  is  borne  by  the  prison  funds; 
a  county  using  convict  labor  pays  all  charges  for  transportation, 
feed  for  animals,  board  for  guards,  supplies  for  machinery,  and 
materials  for  construction.  The  State  board  of  public  affairs  for- 
mulates the  regulations  for  governing  the  convicts  and  the  State 
corporation  commission  establishes  the  transportation  rates  for 
the  convicts.  The  State  board  of  public  affairs  may  furnish  con- 
victs for  county  road  work,  imder  certain  restrictions.  In  1916, 
nine  crews  with  a  total  of  270  convicts  were  employed  on  road 
work. 

Aviomobile  Registration 

Motor  vehicles  are  registered  with  the  department  of  highways. 
The  fee  is  50  cents  per  horse  power,  A.  L.  A.  M.  rating  for  the  first 
year,  40  cents  the  second  year,  30  cents  the  third  year,  and  20 
cents  a  year  afterward;  dealers'  fee,  $15.  Electric  vehicles  are 
taxed  on  the  ad  valorem  basis.  Nine-tenths  of  the  fees  are  re- 
turned to  the  counties  where  payment  of  them  was  made.  The 
treasurer  of  each  county  pa3rB  25  per  cent  of  this  money  to  first- 
class  or  chartered  cities  and  the  remainder  is  used  as  a  county 
road  maintenance  fund  for  road  dragging  and  construction  of  new 
roads. 

Highway  Officials 

Commissioner  of  Highways, — George  B.  Noble.  State  engineer. 
Max  L.  Cimningham;  assistant  State  engineer,  W.  P.  Dimford; 
ofiSces,  Oklahoma  City.  Consulting  engineer,  Prof.  James  I. 
Tucker,  Norman. 

Progress  Report 

Between  July  1,  1916,  and  December  1,  1916,  a  State  road  sys- 
tem was  established  in  each  of  the  77  counties  and  a  map  pre- 
pared showing  all  State  roads.  These  comprise  14,135  miles  out 
of  a  total  of  112,330  miles  of  traveled  roads.  Surveys  were  made 
of  5,310  miles  at  an  average  cost  of  $13.86  per  mile.  There  were 
3,545  miles  of  earth  roads  and  25^  miles  of  hard-siufaced  roads 
built  at  a  cost  of  $787,961;  1,743  permanent  culverts  at  a  cost  of 
$206,565;  and  532  bridges  at  a  cost  of  $441,472.    These  figures 
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are  not  quite  complete.  Twice  as  much  work  is  anticipated  dur- 
ing 1917. 

The  State  engineer  prepared  nimierous  standard  plans  culverts 
and  bridges  and  forms  for  keeping  records,  and  examined  the 
plans  submitted  by  the  counties  for  the  work  smnmarized  above. 

Diuring  this  period  township  bonds,  aggregating  $1,318,500 
were  voted  for  earth  roads  and  approved  by  the  attorney  general, 
and  $108,500  of  bonds  of  this  character  were  voted  but  are  wait- 
ing fais  approval. 

Road  Funds 

The  State  collects  a  property  tax  of  0.25  mill,  the  proceeds 
forming  the  State  highway  construction  fund,  but  used  by  the 
counties  for  State  roads.  Each  county  may  levy  a  property 
tax  of  0.25  mill  for  use  on  roads  under  the  board  of  county  com- 
missioners; any  county  levying  this  tax  is  entitled  to  receive  the 
money  in  the  State  highway  construction  fund  standing  to  its 
credit.  The  townships  are  authorized  to  levy  a  2-mill  tax  for  road 
dragging  and  not  over  1^  mills  for  construction.  The  quarter- 
mill  tax  for  State  roads  has  proved  inadequate  and  private  sub- 
scriptions have  been  made  to  enable  the  work  to  proceed. 

Another  source  of  revenue  is  a  "gross  production  tax"  of  0.5 
per  cent,  of  the  gross  value  of  asphalt  and  various  designated  ores 
and  3  per  cent,  of  the  gross  value  of  petroleum  and  natural  gas 
produced  in  the  State.  One  sixth  of  the  returns  of  this  tax  is 
given  to  the  counties  where  the  minerals  or  oil  are  produced  for 
aid  in  building  permanent  bridges  and  roads  with  a  surface  of 
gravel,  rock  or  other  hard  material. 

During  1916  the  net  automobile  funds  remitted  to  the  coim- 
ties  were  $517,137  and  about  $267,000  was  furnished  for  road 
work  by  the  gross  production  tax,  in  addition  to  the  proceeds  of 
the  quarter-mill  tax. 

[Approved  by  W.  P.  Dantoxd,  Aanttant  Stote  Encmeer.} 

OREGON 

State  Aid  LegislcUion 

There  is  a  State  highway  commisision  which  consists  of  the  gov- 
ernor, secretary  of  State,  and  State  treasurer. 

The  duties  of  the  commission  are  to  determine  a  system  of 
State  roads  and  to  construct  the  same  as  money  becomes  avail- 
able for  that  purpose.  The  State  engineer  is  required  to  act  in  an 
advisory  capacity  to  the  county  courts  of  the  different  counties 
in  the  matter  of  road  construction  and  maintenance,  whenever  so 
requested.    On  request  of  the  county  court  of  any  county,  the 
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State  engineer  must  furnish  plans  and  specifications  for  any  piece 
of  proposed  road  construction,  or  any  bridge,  free  of  all  cost  to 
sucn  county.  Prior  to  1915,  there  was  a  State  highway  engineer, 
but  the  office  was  abolished  and  the  work  transferred  to  the 
State  engineer.  There  is  a  strong  feeling  in  favor  of  the  revision 
of  the  rcMftd  laws. 

Local  Road  Legislation 

Jurisdiction  over  roads  vests  in  a  county  or  commissioner's 
court,  and  the  chairman  of  the  court  is  coimty  judge.  The  State 
has  authority  to  construct  and  maintain,  or  assist  in  construction 
or  maintenance,  but  no  authority  to  establish  a  road. 

Road  Bond  Legislation 

A  proposition  to  issue  county  road  bonds  may  originate  in  either 
of  four  ways:  First,  upon  the  petition  of  the  registered  voters 
equal  to  one-fourth  of  the  greatest  number  of  vot^  cast  for  any 
candidate  for  judge  of  the  supreme  court  at  the  last  general  election 
in  that  coun^,  or  by  6000  registered  voters,  the  county  court 
shaU  submit  a  proposition  to  issue  county  road  bonds  at  a  special 
dection  called  for  that  purpose;  second,  upon  the  petition  of  one* 
twentieth  of  the  registered  voters,  as  above,  the  proposition  may 
be  submitted  at  a  special  election;  third,  upon  the  petition  of  one- 
tenth  of  the  registered  voters,  as  above,  the  proposition  shall 
be  submitted  at  the  next  general  election;  and  fourth,  the  county 
court  may  submit  the  proposition  at  any  general  election  of  its  own 
Tno<ion. 

Upon  a  favorable  vote  of  the  majority  of  all  those  voting  at  the 
special  or  general  election,  the  county  court  shall  issue  the  road 
bonds  or  the  county  warrants  in  lieu  thereof,  as  funds  are  needed. 
Tlie  bonds  shall  be  issued  in  denominations  of  not  less  than  $50 
nor  greater  than  $1000,  and  shall  bear  interest  not  to  exceed  6  per 
cent.  The  aggregate  of  all  bonds  outstanding  shall  not  exceed  2 
per  cent  of  the  assessed  valuation,  and  shaU  be  sold  to  the  highest 
bidder.  The  proceeds  shall  be  expended  only  in  constructing 
permanent  public  roads  as  specified  in  the  order  submitting  the 
proposition.  A  special  tax  may  be  levied  to  pay  interest  charges, 
and  to  provide  a  dnking  fund  for  the  payment  of  the  principal,  or 
provision  therefor  may  be  made  by  transferring  funds  to  such 
sinking  fund. 

Convict  Labor  Laws 

State. — ^The  State  highway  comiuission  may  authorize  and  pro- 
vide for  the  construction  of  any  State  road  or  part  of  such  road  by 
convict  labor;  and  if  said  commission  so  authorizes  and  provides 
convict  labor,  the  governor  shall,  upon  its  request  detail  from  the 
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penitentiary  such  convicts  as  in  his  judgment  may  seem  proper 
for  use  in  the  work  of  constructing  said  road  or  part  of  a  road; 
and  such  convicts  shall  be  delivered  to  sidd  engineer  on  such  terms 
and  conditions  as  shall  be  prescribed  by  the  parole  board  and 
approved  by  the  governor. 

County. — ^Upon  the  written  request  of  the  county  court  of  any 
coimly,  the  governor  may  detail  from  the  State  penitentiary  such 
convicts  as  in  his  judgment  may  seem  proper  for  use  on  the 
public  highways.  Said  convicts  dxaXL  be  delivered  to  any  county 
court  on  such  terms  and  conditions  as  shall  be  prescribed  by  the 
parole  b> :  rd  and  approved  by  the  governor. 

Automobile  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  26  h.p.  and  less,  S3; 
27  to  36  h.p.,  $5;  37  to  40  h.p.,  $7.50;  over  40  h.p.,  $10;  electric 
pleasure  vehicles,  $3;  electric  commercial  vehicles,  $5;  motor 
cycles,  $3. 

The  net  balance  of  registration  revenues  on  December  31  of  each 
year  is  returned  to  the  county  treasurer  of  the  county  from  wUch 
eoUected  to  be  credited  to  the  general  road  fund.  Fines  and 
forfeitures  are  also  paid  to  the  county  treasury  to  be  credited  to 
the  general  road  fund.  There  is  considerable  sentiment  favoring 
crediting  automobile  fees  to  the  State  road  fund. 

Highway  Officials 

State  engineer,  John  H«  Lewis;  chief  deputy  State  engineer,  E. 
I.  Ccmtine.    Offices,  Salem. 

Road  Funds 

There  was  $220,000  of  State  fimds  available  for  road  work  at 
the  opening  of  1917.  With  the  money  turned  over  to  the  State 
department  by  the  counties  for  road  work,  it  is  expected  that  a 
total  of  $950]i000  will  be  available  during  the  year. 

Progress  Report 

During  1915  and  1916,  the  State  department  spent  $352,302 
of  State  fimds  in  addition  to  money  contributed  by  counties  on 
16  road  projects  and  23  bridge  projects.  The  small  and  scattered 
nature  of  this  work  made  it  difficult  to  supervise.  There  is  a 
strong  sentiment  for  more  concentrated  effort  in  contrast  to  the 
present  method  of  scattering  fimds  on  small  isolated  projects 
by  county  courts  and  supervisors.  A  manual  of  cost  keeping  and 
accounting  and  a  bridge  manual  have  been  prepared  for  the  use 
of  local  officials. 

[Approved  by  John  H.  Lbwis,  StatoEniiaatrJ 
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PENNSYLVANIA 

State  Aid  LegisUUion 

The  act  approved  May  31, 1911,  and  its  supplements,  provided 
for  the  appointment  of  a  State  highway  commissioner,  two  deputy 
State  highway  conmiissioners  (one  of  whom  must  be  a  competent 
civil  engineer),  an  auditor,  and  a  chief  engineer.  These  appoint- 
ments are  made  by  the  governor  of  the  Commonwealth  by  and 
with  the  consent  of  the  senate.  The  State  highway  commis- 
sioner appoints  an  engineer  of  bridges;  50  superintendents  of 
highways;  and  15  civil  engineers,  togeuier  with  a  chief  clerk,  chief 
draftsman,  assistant  draftsmen,  and  a  force  of  clerks  and  stenog- 
raphers. 

The  State  highway  conmiissioner  was  directed  to  make  a  sur- 
vey of  all  roads  of  the  State  and  a  general  highway  plan  of  the 
State.  He  collects  statistics,  publishes  maps  giving  a  complete 
road  survey  of  each  county,  and  may  be  consulted  by  county, 
city,  borough,  and  township  o£Bicials.  He  is  directed  to  con- 
stnict,  improve,  and  thereafter  maintain  at  the  expense  of  the 
Conmionwealth  the  highways  forming  the  system  of  State  high- 
ways, the  specifications  for  which  are  to  be  prepared  by  the  State 
highway  department. 

The  State  highway  system,  which  comprises  approximately 
10,200  miles,  is  under  the  exclusive  jurisdiction  of  the  State  high- 
way department,  and  comprises  the  main  traveled  routes  between 
county  seats  and  principal  cities,  boroughs  and  towns,  and  the 
main  traveled  routes  leading  to  the  State  line.  In  1913  a  bill 
was  passed  creating  additional  State  highways,  to  become  effective 
June  1,  1915,  and  another  bill  making  changes  in  the  existing 
State  highways,  which  became  effective  the  date  of  approval, 
July  22,  1913. 

Where  the  expense  of  constructing  a  route  may  be  materially 
lessened  by  a  change  of  location  from  that  at  present  defined, 
the  State  highway  conmiissioner  may,  with  the  approval  of  the 
governor,  change  the  location  of  such  a  route. 

Where  a  toll-road  company  controls  any  part  of  a  route  form- 
ing a  State  highway,  the  State  highway  commissioner  may  pur- 
cluuse  the  toll  road  at  a  fair  and  reasonable  price,  to  be  approved 
by  the  governor. 

State  aid  is  granted  for  improving  State  and  other  highways. 
Counties,  townships,  or  boroughs  (as  the  case  may  be),  which  de- 
sire State  aid  can  proceed  in  the  following  manner:  The  town- 
ship supervisors  or  conmiissioners  or  borough  council  of  the  town- 
ship or  borough  in  which  the  road  lies  shall  first  make  petition  to 
the  county  commissioners,  and  it  shall  then  be  the  duty  of  the 
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county  commissioners  to  adopt  a  resolution  assuming  on  behalf 
of  the  county  its  share  of  the  cost  of  the  proposed  improvement. 
The  county  commissioners  shall  then  petition  the  State  highway 
department  for  State  aid,  the  cost  of  the  improvement  to  he  pro- 
rated among  the  townships  or  boroughs  (as  the  case  may  be),  the 
county,  and  the  State,  the  State  paying  50  per  cent  of  the  cost  of 
reconstruction,  the  county  and  township,  or  borough  (as  the  case 
may  be),  the  other  50  per  cent.  If  either  the  county,  township, 
or  borough  desires  to  act  independently  of  the  others,  it  makes 
application  direct  to  the  State  highway  department  and  agrees  to 
assume  50  per  cent  of  the  total  cost,  in  which  event  the  other  50 
per  cent  is  paid  by  the  State.  The  State  also  pays  50  per  cent 
of  the  cost  of  maintenance,  the  other  50  per  cent  being  paid  by 
the  township  or  borou^  in  which  the  road  may  lie. 

The  State  aid  fund  is  apportioned  among  the  several  counties 
of  the  State  according  to  the  mileage  of  township  and  county 
roads. 

By  action  of  the  1913  legislature,  the  creation  within  the  State 
highway  department  of  a  bureau  of  township  highways  was  made 
mandatory,  and  the  State  highway  commissioner  made  responsible 
for  the  supervision  of  all  the  township  highways  and  bridges  con- 
structed and  improved,  maintained  in  whole  or  part  by  the  aid  of 
State  moneys;  requiring  hina  to  prescribe  rules  and  regulations 
fixing  the  duties  of  township  officers  in  respect  to  all  highways 
and  bridges  imder  his  jurisdiction;  to  compile  statistics  relating  to 
such  highways  throu^out  the  State;  collect  traffic  census  and  such 
other  i^ormation  in  regard  thereto  as  he  should  deem  expedient; 
and  call  meetings  or  conventions  of  township  supervisors  at  such 
times  and  places  as  he  deems  wise.  In  addition  the  State  Highway 
commissioner  is  responsible  for  the  distribution  of  bonus  funds  to 
townships  which  are  on  a  cash  tax  basis;  such  distribution  to  equal 
50  per  cent  of  the  amount  of  cash  tax  collected  when  such  50  per 
cent  would  not  exceed  $20  per  mile,  this  distribution  being  pro- 
visional upon  the  township  treasurer  filing  a  certified  copy  of  bond 
given  by  him  and  an  agreement  executed  covering  the  proposed 
expenditure  of  State  money  to  be  received. 

In  1913,  a  maintenance  division  was  established  under  the 
direct  charge  of  a  maintenance  engineer,  with  a  view  of  standard- 
izing and  systematizing  of  all  maintenance  work  under  the  juris- 
diction of  the  highway  department.  This  division  is  now  so  sys- 
tematized that  the  operation  of  each  unit  of  the  maintenance 
force  in  the  field  is  reflected  in  this  department  immediately  upon 
the  expenditure  of  any  money ^  and  each  dollar  expended  is  so 
recorded  that  the  department  can  locate,  by  referring  to  station 
numbers  reported,  the  100  feet  upon  which  expended  and  for 
what  used. 
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Local  Road  Legislation 

Jurisdiction  over  local  roads  vests  in  boards  of  county  com- 
missioners, and  in  three  supervisors  of  roads,  one  elected  every 
other  year,  in  each  township  and  borough.  The  property  road 
tax  is  partly  rebated  to  persons  complying  with  the  wide-tire 
ordinance. 

Local  Bond  LegialoHon 

The  county  commissioners  of  the  several  counties  may  borrow 
money  for  improving  and  maintaining  the  public  roads,  and  may 
issue  bonds  for  these  improvements.  The  amount  shall  not  exceed 
in  the  aggregate  2  per  cent  of  the  total  of  the  assessed  valuation 
of  all  property  in  the  county  at  the  last  triennial  valuation;  but, 
no  such  bonds  or  indebtedness  shall  bear  interest  exceeding  5  per 
eent.  The  coimtv  commissioners  shall  not  issue  bonds  in  one  year 
to  exceed  one-half  of  1  per  cent  of  the  total  valuation  of  all  property, 
m  ihown  at  the  last  triennial  assessment;  provided,  that  the  amount 
of  bonds  issued  in  any  one  year  in  excess  of  one-tenth  of  1  per 
eent  of  such  total  valuation  of  all  property  shall  be  approved  by 
the  grand  jury  and  court  of  quarter  sessions. 

Convict  Labor  Law 

All  male  persons  sentenced  to  county  jails  and  workhouses  may 
be  assigned  to  work  on  public  roads  of  of  the  county  by  the 
prison  board.  Preference  shall  be  given  to  the  making  of  new  roads 
and  the  repair  of  main  roads,  all  roads  to  conform  to  the  plans 
and  specifications  of  the  State  highway*commission.  The  work 
shall  be  done  in  5  mile  sections  by  townships  in  rotation.  lit- 
tle convict  labor  was  used  in  1916. 

AiUomobile  Regi$traiion 

The  law  provides  for  annual  registration  with  the  State  highway 
department.  The  schedule  of  fees  is  as  follows:  Less  than  20 
h.p.,  $5;  20  to  34  h.p.  $10;  35  to  49  h.p.,  $15;  50  h.p.  and  over, 
$2^;  motor  cycles,  $3.  Motor  vehicles  with  solid  tires,  less  than 
4,0CK)  pounds  gross,  $5;  4,000  pounds  and  less  than  5,000  pounds 
gross,  $10;  5000  pounds  and  less  than  10,000  pounds  gross,  $15; 
10,000  pounds  and  less  than  15,000  pounds  gross,  $20;  15,000 
poimds  and  not  over  24,000  pounds  gross,  $25;  not  licensed  over 
24,000  pounds.  Chauffeur's  license,  $2;  dealers  and  manufac- 
turers for  each  pair  of  nmnber  tags,  $10. 

Registration  revenue  is  paid  into  the  State  treasury  forming  part 
of  the  appropriation  for  the  construction,  maintenance,  improve- 
ment and  repair  of  State  highways  and  State-aid  highways.    Fines 
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and  forfeitures  imposed  for  violation  of  the  provisions  as  to  speed 
and  weight  shall  be  paid  into  the  treasury  of  the  city,  borough^ 
town  or  townships  in  which  such  violations  occur  for  expenditure 
in  construction,  maintenance  and  repair  of  the  highways  thereof. 
Other  fines  and  forfeitures  are  paid  into  the  State  treasury  for 
use  in  the  same  manner  as  registration  revenues.  Prior  to  June 
1,  1915,  the  registration  fees  were  used  in  addition  to  instead  of 
as  part  of  the  State  appropriation. 

Highway  Officials 

StaJte  Highway  Department,  Harrisburg. — ^F.  B.  Black,  State 
highway  commissioner;  J.  W.  Hunter,  first  deputy  commissioner; 
G.  H.  Biles,  second  deputy  commissioner;  W.  D.  Uhler,  chief 
engineer;  W.  R.  Main,  C.P.A.,  auditor;  Howard  W.  Fry,  chief 
clerk;  W.  R.  D.  Hall,^  statistician. 

Progress  Report 

This  State  has  a  total  of  97,850  miles  of  roads. 

There  are  approximately  2000  miles  of  State  highway  routes 
and  State-aid  roads,  constructed  wholly  by  the  State  highway 
department  of  Pennsylvania  in  good  condition.  In  addition  there 
are  sections  of  highways  constructed  by  coimties  and  townships 
independent  of  the  State,  information  regarding  which  is  not 
available.  There  are  416  miles  of  improved  toll  roads  on  State 
highway  routes. 

Mileage  completed  at  total  expense  of  State  is  943.22  miles  on 
December  31,  1916. 

Mileage  imcompleted  imder  contract  at  total  expense  of  State 
on  December  31,  1916,  is  25.20. 

Mileage  of  State-aid  highways  contracted  for  under  the  provi- 
sions of  acts  since  Jime  1,  1911,  is  164.72  miles  and  905.1  miles 
of  State-aid  hi^ways  were  built  imder  the  provisions  of  acts  pre- 
vious to  June  1,  1911,  making  a  total  of  1069.82  miles  completed. 

Mileage  of  State-aid  contracts  not  completed  December  31, 
1916,  is  1.56  miles. 

Total  miles  now  being  maintained  at  total  expense  of  State  is 
approximately  10,200. 

Of  the  1069.82  miles  of  improved  roads  built  by  State  aid,  about 
359.66  miles  are  not  on  State  highwayB,  and  are  maintained  by 
the  State  and  township  or  borough,  each  bearing  50  per  cent  of 
the  expense.  The  remaining  710.16  miles  of  State-aid  highways 
are  on  State  highway  routes  and  maintained  at  total  expense  of 
the  State. 

Contracts  were  let  during  1916  for  0.97  mile  of  telford  mac- 
adam, 1.59  miles  of  brick,  0.83  mile  of  bituminous  concrete  and 
21.8  miles  of  cement  concrete  roads,  a  total  of  25.19  miles. 

^  Resigned  while  this  book  was  in  progress. 
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Practically  all  highways  are  16  feet  wide.  Some  borough  work 
is  wider. 

A  uniform  system  of  accounts  devised  by  this  department  like- 
wise has  been  installed  throughout  the  State,  and  all  necessary 
books,  blanks  and  forms  have  been  furnished  the  various  township 
officers. 

The  first  deputy  State  highway  commissioner  has  direct  charge 
of  the  bureau  of  township  highways. 

During  1916  the  maintenance  division  maintained  8,038  miles 
of  earth,  gravel,  flint,  waterbound  macadam,  asphaltic  bituminous 
macadam,  asphaltic  concrete,  brick  and  concrete  State  highways 
and  147.2  miles  of  State-aid  highways.  Of  this  total  the  earth 
roads  were  5,527.2  miles.  The  forces  of  this  Division  also  resur- 
faced 237.7  miles  of  State  highways  and  31.6  miles  of  State-aid 
hi^ways  and  treated  with  various  grades  of  tars  and  dust-la3ring 
oils  965.5  miles  of  State  highways  and  167.8  miles  of  State-aid 
highways. 

Road  Funds 

The  legislature  of  1915  appropriated  S8,300,000  for  the  State 
highway  department,  divided  as  follows:  For  the  maintenance 
and  repair  of  State  highways,  $6,000,000;  for  expenses,  costs  and 
awards  in  acquiring  turnpikes  forming  parts  of  State  highway 
routes,  $250,000;  for  the  commonwealth's  share  in  the  expense  of 
constructing  and  maintaining  State-aid  highways,  $500,000;  for 
the  rebuildmg,  repair  and  maintenance  of  the  National,  or  Cum- 
berland, road,  in  Somerset,  Fayette  and  Washington  Counties, 
$50,000;  for  the  payment  of  a  portion  of  the  deficiency  caused  in 
1913  and  1914  in  carrying  out  the  laws  of  the  State  relative  to  the 
construction,  maintenance 'and  repair  of  roads  in  second  class 
townships,  $1,500,000.  These  appropriations  are  for  the  period 
from  June  1,  1915  to  June  1, 1917. 

An  important  proviso  was  included  in  this  appropriation  bill 
which  reieuls  as  follows:  ''Provided,  That  the  appropriations 
made  by  this  Act  shall  include  and  not  be  in  addition  to  the 
amounts  received  by  the  Commonwealth  durins  the  two  fiscal 
years  beginning  June  1,  1915,  for  the  licensing  of  motor  vehicles 
and  drivers,  imder  the  Act  of  July  7, 1913.'^ 

The  total  amount  of  road  taxes  collected  in  cadi  by  second  class 
townships  during  the  year  1914,  was  $5,699,253.38  and  the  amount 
to  which  they  are  entitled,  viz. :  50  per  cent  when  not  exceeding 
$20  per  mile  was  $1,422,144.34.  The  total  amount  distributed 
during  1916,  viz. :  $716,681.19  represents  a  pro  rata  distribution  of 
38  per  cent  of  the  balance  due  them  for  the  years  1913  and  1914. 

During  1916  the  total  available  funds  were  $5,416,202.  The 
expenditures  were  $4,430,476,  leaving  a  balance  on  January  1, 
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1917,  of  $985,726.  The  expenditures  were  as  follows:  payments 
on  contracts,  $391,453;  engineering,  inspection,  advertising  con- 
tracts and  applications,  $31,404;  surveying  and  plotting  State 
highway  routes,  $13,002;  surveying  and  plotting  county  maps, 
$!S,505;  maintenance  and  resurfacing,  $3,018,905  for  State  hi^- 
wa3rs  and  $339,826  for  State-aid  highways;  machinery,  tools  and 
equipment,  $74,007;  purchase  of  turnpikes,  $80,247;  experimen- 
tal and  testing  work,  $10,610;  department  and  division  office  ex- 
penses, $44,392;  traveling  expenses,  $61,611;  contingent  expenses, 
$22,968;  departmental  salaries,  $199,823;  bureau  of  township  high- 
ways expenses  and  salaries,  $30,461;  expenses  of  automobile  li- 
cense division,  $88,263.  In  addition  the  department  distributed 
$712,601  as  cash  tax  bonus  to  second-class  townships. 

The  budget  of  the  department  for  1917  and  1918  calls  for 
$24,850,000. 

[Approvwl  by  W.  R.  D.  Hall,  Statistunan  State  Hiffaway  Depaitownt.] 

PHILIPPINE  ISLANDS 

The  governor-general  is  the  administrative  head  of  the  insular 
government.  He  is  ex-officio  president  of  the  Philippine  commis- 
sion, which  exercises  exclusive  jurisdiction  over  territory  inhab- 
ited by  Moros  and  other  non-Christian  tribes  and  forms  the  upper 
chamber  of  the  Philippine  legislature.  The  majority  of  the  com- 
mission are  Filipinos.  The  secretary  of  commerce  and  police,  a 
member  of  the  commission,  is  in  general  charge  of  roads,  and  the 
detailed  charge  is  in  the  hands  of  the  biireau  of  public  works, 
except  for  work  in  Manila  and  in  municipalities  which  do  not 
request  the  bureau  to  take  charge.  The  bureau's  work  is  distrib- 
uted through  42  districts,  each  under  a  district  engineer,  of  whom 
about  one-fourth  are  Filipinos. 

Progress 

At  the  close  of  1915  there  were  3,068  kilometers  of  first-class 
roads  with  heavy  surfacing  in  the  islands,  2,082  kilometers  of 
second-class  roads  with  li^t  surfacing,  3,052  kilometers  of  third- 
class  or  graded  and  drained  roads,  and  518.2  kilometers  of  trails. 
In  addition  there  were  65.9  kilometers  of  first-class  roads,  114.9 
kilometers  of  second-class  roads,  185.2  kilometers  of  third-class 
roads  and  2,437  kilometers  of  trails  in  the  department  of  Min- 
danao and  Sulu, 

An  attempt  is  being  made  to  utilize  Filipino  engineers  as  rapidly 
as  possible,  as  a  measure  of  economy,  explained  in  the  1914  report 
of  the  secretary  of  commerce  and  police  as  follows:  ''As  most  of 
the  employes,  other  than  Filipinos,  come  from  the  United  States^ 


BOAD   IMPROVSIOBNTS  171 

it  is  obligatory  on  the  Philippines,  economically  a  poor  and  un- 
developed country,  to  pay  salaries  on  the  United  States  scale, 
which  is  the  highest  in  the  world.  This  is  an  artificial  scale  for 
the  Philippines  and  only  adopted  because  of  necessity.  It  would 
be  an  economic  crime  to  apply  this  very  high  scale  to  the  remun- 
eration of  Filipino  engineers  or  other  Filipino  employes.  They 
should  receive  salaries  proportionate  to  the  economic  conditions 
of  the  Philippines." 

It  was  estunated  in  1908  that  the  road  needs  of  the  islands 
could  be  met  by  constructing  9,210  kilometers  during  a  period  of 
17  years.  This  system  is  now  practically  finished,  at  half  the 
estimated  cost  and  in  less  than  half  the  estimated  time.  ''This 
result  has  been  possible  mainly  because  of  the  immediate,  persist- 
ent and  cordial  response  of  the  Filipino  people  to  the  propaganda 
for  good  roads,  to  the  elimination  of  elaborate  projects,  mmeces- 
sarily  expensive  types  and  widths  of  roads,  and  to  a  high  degree 
of  efficiency  in  organization  and  methods,"  according  to  the  in- 
sular secretary  of  conmierce. 

Road  Funds 

During  1915,  the  bureau  of  public  works  spent  5,872,057  pesos 
on  roads  and  bridges,  of  which  amoimt  1,655,045  pesos  was  for 
maintenance.  In  addition  239,289  pesos  were  spent  on  roads  and 
trails  in  the  Mountain  province,  and  240,050  pesos  for  construc- 
tion and  74,747  pesos  for  maintenance  of  roads  in  Mindanao  and 
Sulu. 

Autamobilea 

At  the  close  of  1915,  there  were  about  2,800  automobiles  in 
use  in  the  islands. 

Highway  Officials. 

Director  of  public  works,  E.  J.  Westerhouse;  consulting  archi- 
tect, G.  C.  Fenhagen;  chief  designing  engineer,  C.  E.  Gordon; 
senior  supervising  engineer,  Mindanao  and  Sulu,  H.  F.  Cameron; 
D.  E.  Henry,  acting  chief  constructing  engineer;  W.  C.  West, 
highway  engineer.    Main  offices,  Manikk. 

PORTO  RICO 

Road  Laws 

Under  the  Foraker  Act  of  1900,  the  commissioner  of  the  inte- 
rior of  Porto  Rico  has  diarge  of  all  insular  public  works,  and  the 
political  code  of  Porto  Rico  subdivides  his  office  into  various 
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divisions,  of  which  the  division  of  public  works  is  intrusted  with 
highway  affairs. 

The  main  roads  of  the  island  are  1159  kilometers  long.  Of 
this  total;  275  kilometers  were  built  by  the  Spanish  government, 
141.7  kilometers  by  the  U.  S.  military  government,  and  742.3 
kilometers  by  the  civil  government;  the  remaining  sections  have 
not  yet  been  completed.  These  roads  cross  the  island  in  all 
directions  and  reach  all  cities  and  towns.  Most  of  them  are  good 
automobile  roads. 

Convict  Labor  Lraws 

Convict  labor  is  employed  throughout  the  island  on  road  work. 
The  best  results  are  obtained  when  it  is  used  near  towns  having 
an  insular  jail,  as  this  eliminates  the  extra  expense  and  inconveni- 
•nce  of  guarded  camps. 

Road  Funds 

During  the  fiscal  year  1915-1916,  $106,656  was  spent  for  new 
roads  and  $31,186  for  new  bridges,  and  several  roads  were  sur- 
faced at  a  cost  of  $7,985.  The  expenditures  for  maintenance  were 
$289,174,  an  average  of  $257  per  kilometer.  On  roads  under 
municipalities  $56,139  was  spent  for  maintenance  and  $11,904  for 
new  roads  and  bridges.  The  legislature  of  1916  authorized  the 
sale  of  $2,000,000  road  and  bridge  bonds,  and  $500,000  is  now 
available  from  this  source. 

The  municipalities  receive  90  per  cent  of  all  regular  property 
taxes,  8  per  cent  devoted  to  municipal  roads  being  included. 

Officials 

Governor,  Arthur  Yager;  commissioner  of  the  interior,  Manuel . 
V.  Domenech;  assistant  commissioner,  Edmund  Enright;  super- 
intendent of  public  works,  Guillermo  Esteves. 

(Approved  by  Acting  SeoreCaiy  of  Porto  Rioo.] 

RHODE  ISLAND 

State  Aid  Legislaiion 

The  State  board  of  public  roads,  consisting  of  five  persons, 
one  from  each  county,  is  appointed  by  the  governor  for  a  term 
of  five  years.  The  board  has  du^ct  control  of  the  expenditure 
of  all  appropriations  by  the  legislature  for  road  improvement, 
and  has  supervision  over  the  construction  and  maintenance  of 
all  State  roads. 
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The  entire  cost  of  construction  and  maintenance  of  State 
roads  is  paid  by  the  State.  At  the  close  of  1915  there  were  325 
miles  of  State  roads  under  the  direct  control  of  the  State  board. 
A  State  bond  issue  of  $600,000  was  authorized  in  1906  to  bear 
3  per  cent  and  additional  bond  issues  of  $600,000  in  1909  and 
1912,  for  use  in  completing  the  system  of  State  roads.  No  more 
than  one-third  nor  less  than  one-seventh  of  the  available  appro- 
priation in  any  year  shall  be  expended  in  any  one  county.  The 
proceeds  of  automobile  licenses  and  fines  are  used  for  the  repair 
of  State  roads  under  the  direction  of  the  State  board  of  public 
roads. 

In  addition  to  the  State  highways,  State  aid  is  granted  as  follows : 

Whenever  any  town  shall  make  an  annual  appropriation 
equal  to  or  idi  addition  to  the  siun  of  20  cents  on  each  $100 
of  taxable  valuation,  and  whenever  the  electors  shall  vote 
that  said  appropriation  be  expended  under  the  direction  of  the 
State  board  of  public  roads  a  sum  of  money  equal  to  one-fifth 
of  the  mouOTS  so  appropriated  by  any  town  is  annually  appro- 
priated by  the  State  for  the  care  and  maintenance  of  the  public 
highways  and  bridges  of  said  towns.  At  the  close  of  1915  liiere 
were  1795  miles  of  town  roads. 

In  1912  legislation  was  enacted  providing  that  bridges  on 
State  roads  shall  be  under  the  control  of  the  State  board  of  pub- 
lie  roads. 

Local  Road  Legislation 

The  local  roads  are  under  the  town  council  of  the  several  town- 
ships, who  usu^y  appoint  a  highway  conmiissioner  to  look  after 
the  roads. 

Atttomobile  Registration 

The  law  provides  for  annual  registration  with  the  State  board 
of  public  roads.  The  schedule  of  fees  is  as  follows:  20  h.p.  or 
less,  $5;  more  than  20  h.p.,  $10;  more  than  30  h.p.,  $15;  more 
than  40  h.p.,  $25;  all  commercial  vehicles,  $7;  motor  cycles,  $1; 
dealers  and  manufacturers,  $50;  operators,  including  owners,  $1. 

The  revenue  derived  from  registrations,  fines  and  forfeitures  is 
paid  into  the  State  treasury  to  be  used  for  the  repair  and  main- 
tenance of  State  roads  tmder  the  direction  of  the  State  board  of 
public  roads. 

Highway  Officials 

• 

State  Board  of  P\iblic  Roads,  Providence. — ^Frank  Cole,  Wil- 
liam C.  Peckham,  John  F.  Richmond,  Benj.  F.  Robinson  and 
Abram  L.  Atwood,  members  of  board ;  Irving  W.  Patterson,  engi- 
neer; Peter  J.  Lannon,  clerk. 
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Road  Funds 

Total  expenditures  on  trunk  lines  for  construction  to  Decem- 
ber 31,  1916,  $2,214,831.67;  total  for  reconstruction,  $669,956.87; 
total  for  repairs  and  maintenance,  $783,708.96;  total  for  surface 
treatment,  $39,636.14;  total  for  engineering,  $344,763.37;  total  for 
tools  and  machinery,  $49,687.14;  total  for  advertising,  $8,997.14 
total  expenditures  from  1903  to  December  31, 1916,  $4,111,581.55. 

Receipts  from  1903  to  December  31, 1916:— Bond  issues,  $1,800,- 
000.00;  appropriations,  $914,921.34;  automobile  law,  $1,089,054.67 
receiv^  from  towns  for  additional  width,  $88,399.27;  special  road 
tax,  1916,  $212,298.43;  misceUaneous  $24,730.68;  total  $4,129,404.- 
39. 

Expenditures  for  1916:  Reconstruction,  $332,115.41;  repairs  and 
maintenance,  $100,419.58;  surface  treatment,  $1,322.45;  adver- 
tising, $752.33;  tools  and  machinery,  $2,375.24;  engineering, 
$33,563.71 ;  total,  $470,548.72.  Expenditures  on  bridges  for  1916, 
$65,102.97. 

The  Board  of  Public  Roads  expects  for  1917  a  special  road  tax 
of  $215,000;  an  appropriation  to  meet  the  federal  aid  law  of 
$35,000  and  a  like  amount  from  the  federal  government;  automo- 
bile law,  about  $250,000;  and  from  bond  issue  for  bridges,  $200,000. 

lApprored  by  Pvtkb  J.  Lannon,  Clark  Boaid  of  Pubiio  Rottds.] 

SOUTH  CAROLINA 

State  Aid  Legislaiian 

The  State  does  not  grant  aid  and  has  no  highway  department 
but  considerable  amount  of  efficient  investigative  and  educational 
work  is  done  in  behalf  of  road  improvement  by  the  State  oom* 
mianoner  of  agrioulturey  Hon.  E.  J.  Wataotk 

Local  Road  Legislation 

Control  over  the  roads  is  in  the  hands  of  the  boards  of  cotmty 
commissioners,  with  a  county  road  supervisor  or  county  engineer 
in  inmiediate  charge  of  the  work.  Road  taxes  are  worked  out. 
Vehicles  with  tires  over  4  inches  wide  pay  25  per  cent  less  toll  on 
toll  roads  than  similar  vehicles  with  narrower  tires. 

Convict  Labor  Law 

Any  convict  serving  a  sentence  of  six  months  or  more,  life 
sentence  excepted,  in  the  State  penitentiary,  or  any  county  jail 
or  upon  the  public  works  of  any  county,  shall  be  entitled  to 
have  one-tenthy  of  such  sentence  deducted  for  good  behavior. 
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The  county  supervisor  of  each  county  in  the  State  may  be 
allowed  to  use  any  of  the  convicts  he  may  select,  sentenced  from 
his  county  to  the  State  penitentiary,  without  charge,  for  the 
purpose  of  working  the  roads  of  his  coimty,  or  for  such  other 
purposes  as  he  may  deem  proper. 

Automobile  Registration 

The  law  provides  for  registration  with  the  clerk  of  court  of  the 
county  in  which  the  owner  resides.  Registration  for  aU  motor 
vehicles  is  $1.  No  general  provision  is  made  for  distribution  of 
the  revenue  from  registrations  except  that  in  1914  an  act  was 
passed  for  Oconee  County  providing  that  the  proceeds  of  register- 
ing motor  vehicles  therein,  after  deducting  5  per  cent  conmiis- 
sion  for  collection,  should  go  into  the  general  road  fund  of  the 
coimty. 

Road  Funds 

County  road  and  bridge  expenditures  during  1916,  aside  from 
the  value  of  convict  labor,  were  approximately  $1,250,000.  A 
$950,000  bond  issue  was  passed  by  Greenville  coimty. 

[Approved  by  U.  S.  Offioe  of  Publio  Roads  and  Ruml  EDcineerinc.) 

SOUTH  DAKOTA 

State  Aid  Legislcdion 

A  State  highway  department  was  established  in  July,  1913, 
consisting  of  a  commission  of  three  members,  without  salary. 
There  is  no  provision  in  the  road  laws  of  the  State  for  State  aid 
or  control  of  the  highways,  no  funds  being  provided.  The  work 
of  the  commission  is  to  give  advice  and  conduct  educational  work. 

At  the  time  of  going  to  press,  it  was  expected  the  legislature 
would  shortly  make  some  changes  in  the  road  laws. 

Local  Road  Legislation 

In  most  counties  the  roads  are  under  county  authorities  and 
township  authorities.    The  road  taxes  are  worked  out. 

Local  Bond  Legislation 

It  is  provided  in  article  25,  section  1137,  of  the  revised  code  of 
1903,  that  the  boards  of  supervisors  of  organized  townships  are 
authorized  to  issue  coupon  bonds  when  directed  by  a  two-thirds 
majority  of  the  voters,  at  a  town  meeting  called  for  that  purpose. 
Under  the  amendment  of  1911,  chapter  ^,  these  bonds  or  orders 
are  to  be  payable  in  such  amounts  and  at  such  times,  not  exceeding 
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(en  yean  from  date,  as  two-thirds  of  the  legal  voters  present  and 
▼oting  shall  determine,  with  interest  not  exceeding  6  per  cent 
per  annum,  payable  annually.  The  section  of  the  original  article 
agrees  with  this  amendment  in  its  provision  that  the  above  action 
may  be  taken  at  an  annual  town  meeting  duly  advertised. 

Section  1139  of  the  ori^boal  act  provides  that  the  board  of  super- 
visors must  levy  a  tax  for  interest  and  principal  not  exceeding  15 
per  cent  of  such  maturing  bonds,  and  section  1140  of  the  original 
act  provides  that  whenever  a  petition  beiuring  the  signatures  of 
two-thirds  of  the  legal  voters  oi  a  township  b&b  that  an  amount 
of  money  not  exceeding  5  per  cent  of  the  taxable  valuation  of 
the  town  and  not  exceeding  15000  be  raised  for  the  construction 
of  any  public  road  or  roads,  the  supervisors  shall  issue  and  sell 
ooupon  bonds  for  the  amount  specified.  The  term  shall  not  exeeed 
twenty  years  and  the  interest  shaU  not  exceed  10  per  cent,  payable 
annuidly,  and  these  bonds  are  to  be  sold  for  not  less  than  par  value. 
The  interest  and  principal  are  to  be  provided  for  by  taxation. 
Money  so  obtained  is  to  be  used  under  the  direction  of  the  supw- 
visors  of  the  town  involved. 

Convict  Lobar  Law 

When  in  the  opinion  of  the  sheriff  any  convict  sentenced  to  hard 
labor  can  be  more  profitably  employed  outside  of  the  jail  or  yard, 
it  shaQ  be  his  duty  to  employ  said  convict  either  in  work  on  public 
streets  or  highways  or  otherwise. 

AiUomcbile  RegutraHan 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  application  for  registration  shall  be  filed  with  the 
county  treasurer  and  the  payment  of  fees  made  to  him.  The 
schedule  of  registration  fees  is  as  follows:  Automobiles,  $6;  motor 
cycles,  S2. 

Twelve  and  one-half  per  cent  of  the  gross  revenue  is  transmitted 
to  the  secretary  of  State  with  the  application  to  be  expended  in 
payment  of  costs  in  connection  with  registration.  EightyHseven 
and  one-half  per  cent  of  the  gross  revenue  shall  be  retained  by 
such  county  treasurer  for  expenditure  only  in  grading,  crowning, 
draining,  (bragging,  graveling  or  macadamizing  public  highway 
of  the  county  under  the  direction  of  the  board  of  county  commis- 
sioners. 

Highway  Officials 

State  Highway  Commission, — E.  C.  Issenhuth,  chairman, 
Redfield;  N.  0.  Monserud,  Sioux  Falls;  B.  M.  Wood,  Rapid  City. 

(Approvad  by  E.  C.  InaKBxrrB,  Chaiimui  State  Hichway  ConmuawMi.l 
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TENNESSEE 

State  Aid  Legislation 

In  1916  a  State  highway  commission  was  created,  consisting  of 
the  governor,  State  geologist,  dean  of  the  engineering  department 
of  the  University  of  Tennessee,  and  three  members  appointed  by 
the  governor.  The  commission  is  required  to  prepare  a  general 
highway  plan  of  the  State,  showing  ihe  main  roads  which,  when 
improved,  will  form  a  connected  system  throughout  the  State; 
to  collect  statistics  regarding  the  roads  and  bridges  in  the  State; 
and  to  establish  standards  of  road  construction  and  maintenance 
for  the  different  counties.  The  commission  may  be  consulted  by 
county  and  district  road  and  bridge  officers  and  these  officers 
must  furnish  it  with  information  concerning  the  roads  and  bridges 
in  their  charge.  This  branch  of  the  work  has  outgrown  the  re- 
sources for  carrying  it  on. 

The  commission  is  authorized  to  execute  any  agreements  with 
the  federal  government  incident  to  receiving  aid  from  the  latter. 
A  number  of  laws  affecting  road  work  are  pending  in  the  legislature. 

Local  Road  Laws 

The  local  roads  in  a  county  are  under  the  county  court,  com- 
posed of  the  county  judge  and  four  lay  members,  who  divide  the 
coimty  into  road  districts  and  appoint  a  road  conmiissioner  for 
each.  The  commissioner  may  appoint  a  road  overseer  for  each 
section  of  his  district.  The  coimty  court  also  appoints  a  board 
of  turnpike  commissioners  to  look  after  toll  roads  in  the  county. 
If  any  county  does  not  care  for  road  districts,  it  may  elect  a 
county  board  of  road  commissioners,  of  three  members,  to  have 
charge  of  all  roads  in  the  county.  Many  have  done  so,  employ- 
ingcounty  engineers  to  have  charge  of  the  work. 

From  five  to  eight  days  labor  on  the  roads  is  required  of  all  male 
citizens,  and  in  two  counties  the  owners  of  wagons  and  teams  msLy 
be  required  to  give  five  to  eight  days'  use  of  them. 

Road  Bond  Laws 

Under  an  act  approved  September  27, 1913,  the  county  court  of 
any  county,  when  authorized  by  a  majority  vote  at  an  election 
held  for  the  purpose,  may  issue  coupon  bonds  for  ludiway  pur- 
in  any  amount  which  will  not  increase  the  outstanding  indebt- 
of  the  county  to  more  than  10  per  cent  of  the  taxable 
valuation.  These  bonds  shall  bear  interest  at  not  exceeding  6 
per  oent.  shall  not  run  for  more  than  forty  years,  and  shall  not  be 
sold  for  MS  than  par;  provided  that  a  two-thirds  vote  may  authorize 
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a  bond  issue  that  may  increase  the  outstanding  indebtedness  to 
an  amount  not  to  exceed  15  per  cent.  The  county  court  provides 
the  levy  for  interest  and  retirmg  the  bonds  and  also  for  creating  an 
annual  maintenance  fimd  equ^  to  2  per  cent  of  the  bond  issue. 
In  case  of  federal  aid,  the  court  is  authorized  to  appropriate  an 
amount  not  to  exceed  double  the  federal  aid,  and,  in  case  thmr« 
are  insufficient  funds  in  the  treasury,  may  issue  bonds  not  to  exceed 
3  per  cent  of  the  taxable  valuation. 

Cormd  Lobar  LawB 

County  convicts  may  be  worked  upon  the  public  highwajrs  of 
the  county,  subject  to  the  direction  of  the  county  court.  State 
and  county  convicts  may  be  worked  by  the  State  highway  com- 
mission. In  1916,  400  convicts  were  used  in  road  work;  the  coun- 
ties pay  $1  per  day  for  each  convict. 

Progress  Report 

The  department  has  established  with  the  automobile  funds  a 
patrol  system  of  maintenance  in  24  counties.  A  patrolman  is  paid 
$50  a  month.  He  furnishes  a  one-horse  wagon  and  the  county 
furnishes  the  tools  and  materials.  The  department  placed  a 
bituminous  surfacing  on  200  miles  of  road.  The  bituminous  ma- 
terial was  purchased  under  a  general  contract  by  the  department, 
as  the  agent  for  the  counties,  which  bought  the  equipment  for 
applying  it. 

Automobile  Registration 

Motor  vehicles  are  registered  with  the  secretary  of  State.  The 
fees  are  $5  for  automobiles  for  four  persons  or  less,  auto  trucks  and 
traction  engines,  $7.50  for  automobiles  for  more  than  four  persons, 
$2.50  for  motor  cycles,  $1  for  registration  of  license  with  clerk  of 
county  where  owner  resides,  $10  for  dealers.  Ten  per  cent  of  the 
proceeds  are  reserved  for  the  maintenance  of  the  State  highway 
commission  and  the  remainder  forms  a  State  highway  fund  spent 
under  the  direction  of  the  State  highway  commission  for  the 
maintenance  of  roads  in  the  several  counties  in  proportion  to  the 
registration  fees  collected  in  them. 

Highway  Officials 

State  Highway  Commissioners. — Governor  Tom  C.  Rye,  Dean 
Chas.  E.  Ferris,  Dr.  A.  H.  Purdue,  Arthur  Crownover,  W.  H, 
Crox  and  Chas.  F.  Williams.  Secretary,  J.  J.  Murray;  State  high- 
way engineer,  A.  M.  Nelson;  Bridge  engineer,  L.  W.  Erickson; 
Division  engineers,  J.  A.  Reagan,  W.  P.  Butler  and  R.  C.  Fergus; 
Chief  clerk  and  statistician,  O.  M.  West.    Offices,  NashviUe. 
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Road  Funds 

In  1916  about  S200,000  of  State  funds  was  spent  under  the  di- 
rection of  the  department  for  maintenance,  together  with  S600,000 
raised  by  public  bodies  and  private  parties.  The  county  road 
and  bridge  taxes  furnished  about  $1,500,000,  special  county  ap- 
propriations furnished  about  $1,000,000,  and  about  $10,000,000 
has  been  raised  or  is  pending  by  bond  issues. 

If  pending  legislation  carries,  a  l-mUl  tax  will  furnish  about 
$700,000  for  cooperative  work  imder  the  federal  aid  road  law. 
The  amount  available  under  the  first  two  federal  appropriations  is 
about  $342,000.  The  automobile  fees  for  1917  are  estimated  at 
$250,000. 

lApprovad  by  J.  J.  Mttbbat,  Swrstaiy,  State  DeKMuimemt  of  Highways.] 
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State  Aid  Legislation 

The  State  has  no  highway  department  and  grants  no  aid  to 
road  improvement. 

Lq;islation  is  pending  for  a  State  highway  commission  of  three 
members,  holding  office  for  six  years,  one  commissionership  be- 
coming vacant  every  two  years.  They  are  to  appoint  a  State 
highway  engineer.  Half  of  the  proceeds  of  the  automobile  licenses 
are  to  go  to  a  State  highway  fund  and  half  to  the  counties  where 
paid.  The  oonunission  is  to  designate  a  s}rstem  of  State  highways, 
upon  which  the  State  highway  fund  is  to  be  spent  if  the  counties 
agree  to  contribute  an  equal  or  larger  sum. 

Local  Road  Legislation 

The  local  roads  are  under  the  charge  of  the  county  courts. 
Where  a  county  judge  is  chairman  of  a  county  court  he  usually 
appoints  the  counly  engineer  or  superintendent,  while  elsewhere 
the  court  makes  the  appointment.    Road  taxes  are  worked  out. 

Local  Bond  Legislation 

Any  county,  political  subdivision,  or  other  defined  district  of 
the  county,  upon  a  vote  of  two-thirds  majority  of  the  resident, 
property-holding  taxpayers,  may  issue  bonds  for  road  purposes 
m  an  amount  not  to  exceed  one-fourth  of  the  assessed  value  of 
the  real  property  therein.  These  bonds  shall  run  for  not  less  than 
twenty  nor  more  than  forty  years,  with  such  option  of  redemption 
as  may  be  fixed  by  the  commissionc^rs'  court,  shall  bear  not  mor« 
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than  5^  per  cent  interest  per  annum,  and  must  be. examined  by 
the  attorney  general  and  registered  by  the  state  comptroller  of 
public  accounts.  The  county  commissioner's  court  shall  levy  a 
tax  sufficient  to  pay  the  interest  on  these  bonds  and  produce  a 
sinkinff  fund  sufficient  to  redeem  them  at  maturity.  Each  polit- 
ical subdivision  or  defined  district  so  issuing  bonds  shall  be  made 
a  body  corporate)  and  may  sue  and  be  sued  in  like  manner  as  coun- 
ties. The  county  commissioner  in  whose  precinct  the  political  sub- 
division or  defined  district  is  located  shall  be  ex-officio  road  super- 
hitendent  of  the  road  district,  with  power  to  contract  for  and  on 
behalf  of  it. 

Canvid  Lobar  Legislation 

The  commissioners  court  may  require  all  male  county  convicts, 
not  otherwise  employed,  to  labor  upon  the  public  highways  under 
such  regulations  as  may  be  deemed  most  expedient.  Each  convict 
worked  on  the  roads  in  satisfaction  of  any  fine  and  cost  shall  receive 
a  credit  thereon  of  50  cents  for  each  day  he  may  labor  and  reasona- 
ble commutation  of  time  may  be  granted  as  a  reward  for  faithful 
service  and  good  behavior,  provided  same  shall  not  exceed  ons- 
tenth  of  the  whole  time. 

Auiamdbile  Registroiion 

The  law  makes  provision  for  registration  with  the  clerk  of  the 
county  in  which  any  motor  vehicle  owner  resides.  The  registra- 
tion fee  is  50  cents.  Legislation  is  pending  fixing  the  fee  at  35 
cents  per  horsepower  and  placing  the  collection  of  the  money 
with  the  State  highway  commission. 

Progress  Report 

It  is  impossible  to  give  the  improved  road  mileage  of  the  State, 
but  it  is  quite  lai^ge  because  extensive  improvements  have  been 
made  by  coimties  and  road  districts  in  recent  years. 

Road  Funds 

There  is  a  coimty  property  tax  of  15  cents  on  the  $100  for  roads 
and  bridges,  and  a  special  road  tax  of  the  same  amount  may  be 
authoriz^  by  a  majority  vote  of  the  electors.  County  road  war- 
rants are  also  issued  freely  for  road  and  bridge  work,  but  the  sys- 
tem is  severely  criticized. 

Over  $20,000,000  were  spent  in  highway  improvements  in  1916, 
and  a  larger  expenditure  seems  probable  in  1917. 

(Approred  by  J.  D.  FAtnmBROT,  Diatriot  E&gioMr,  U.  S.  Offlo*  of  Publio  Road*./ 
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UTAH 

State  Aid  Legislation 

The  State  road  commission  consists  of  the  governor,  the  State 
engineer,  the  State  treasurer,  one  member  of  the  facility  of  the 
Agricultural  Ck)llege  of  Utah  and  one  member  of  the  faculty  of 
the  University  of  Utah,  all  of  whom  serve  without  compensation. 
The  eonmiission  designates  the  roads  which  comprise  the  system 
of  State  roads;  has  charge  of  the  expenditure  of  the  State  road 
building  fund;  furnishes  plans,  specL&cations  and  estimates  for 
culverts,  bridges  and  road  construction  on  application  of  coimty 
commissioners;  tests  road  materials,  conducts  experiments  and 
investigations  with  reference  to  road  construction  when  deemed 
necessary  and  prepares  and  issues  a  manual  of  road  biulding  and 
mjbintenance  for  information  and  guidance  of  pubUc  and  local 
officials;  keeps  all  maps,  profiles  and  papers  in  the  office  of  the 
eonmiission  for  public  inspection  and  reference;  submits  report 
biennially  to  the  governor. 

An  appropriation  is  made  from  the  general  revenues  of  the  State 
as  a  State  road  fimd.  This  fund  is  available  for  the  construction 
and  maintenance  of  State  roads  in  each  county  in  equal  propor- 
tions. The  law  requires  coimties  having  an  assessed  valuation  un- 
der $2,000,000  to  duplicate  one-fourth  of  the  amount  of  the  State 
road  fimd  appropriated  by  the  State  for  such  counties,  and  coim- 
ties having  an  assessed  valuation  of  more  than  $2,000,000  and  less 
than  $4,000,000  to  duplicate  one-half  of  the  amount,  and  coimties 
having  an  assessed  valuation  of  more  than  $4,000,000  to  dupli- 
cate the  full  amount.  The  State  road  commission  gives  notice  of 
intention  of  road  improvement,  including  amount  of  money  avail- 
able in  State  fund  for  the  county,  general  outline  of  work,  the 
amount  of  special  tax  levy  to  be  placed  on  property  in  county  not 
later  than  June  1  of  each  year.  The  county  commissioners  accept 
or  reject  requirements  of  the  State  road  commission  within  tlurty 
days  of  receiving  proposal  from  the  latter.  In  case  of  acceptance 
the  county  commissioners  are  required  to  levy  the  special  road 
tax,  which  is  not  to  exceed  6  mills  on  all  taxable  property  within 
the  county,  the  amount  thus  realized  to  be  used  in  connection 
with  the  county  appropriation  and  State  road  building  fund  but 
not  in  lieu  of  the  amount  to  be  appropriated  by  the  county. 
Should  the  county  default  in  the  payment  of  its  proportion  after 
its  acceptance  of  the  requirements,  the  State  road  commission  is 
authorized  to  collect  the  amount  of  the  default  from  any  moneys 
due  the  county  in  the  hands  of  the  State  treasurer.  If  the  county 
commissioners  of  a  county  fail  to  accept  the  proposal  of  the  State 
road  commission  within  the  time  limit  specified,  the  county  for- 
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f eits  its  right  to  its  proportion  of  the  State  road  fund  for  that 
year  which  remains  a  part  of  the  State  road  fund  to  be  apportioned 
the  following  year. 

Where  the  streets  of  any  city  are  or  become  a  part  of  the  syB* 
tern  of  State  roads,  the  city  may  levy  a  special  tax,  not  exoeedmg 
two  mills,  to  be  used  in  connection  with  the  State  road  fund  on 
the  portion  of  the  State  road  63n3tem  within  the  city  and  to  be 
expended  under  the  direction  of  the  State  road  commission. 

The  State  road  commission  makes  all  plans,  specifications  and 
estimates  for  the  improvements  of  State  roads  and  awards  con- 
tracts. State  roads  are  kept  in  repair  by  the  State  road  commis- 
sion. 

Local  Road  Leguhiicn 

Jurisdiction  vests  in  elected  boards  of  county  commissioners, 
each  of  which  is  required  to  appoint  a  road  commissioner  annu- 
ally. 

Local  Bond  LegiaUUion 

The  board  of  county  commissioners  may  contract  bonded  in- 
debtedness by  an  order  specifying  the  purpose  for  which  the  in- 
debtedness is  to  be  created  and  the  amount  of  the  indebtedness, 
and  by  providing  for  submission  of  the  proposition  to  the  electors 
of  the  county  at  the  next  succeeding  general  election,  or  at  a 
special  election  to  be  called  for  that  purpose.  At  this  election 
only  such  qualified  voters  as  have  paid  a  property  tax  in  the 
county  in  the  year  preceding  the  election  shall  be  permitted  to 
vote  on  the  question  of  issuing  bonds.  A  majority  of  those  voting 
shall  be  necessary  to  authorize  the  issuance  of  bonds.  If  the 
bonds  are  issued,  the  board  shall  levy  a  tax  necessary  to  pay  the 
interest  on  them  and  to  create  a  sinking  fimd  for  their  redemption 
at  maturity.  Bonds  shall  not  be  in  an  amount  which,  including 
existing  indebtedness,  will  exceed  2  per  cent  of  the  value  of  the 
taxable  property  of  the  county. 

Convict  Labor  Legislation 

Convict  labor  may  be  utilized  in  providing  road  material  and 
also  actual  construction.  Prisoners  in  the  county  jail  may  be  re- 
quired to  work  on  the  county  roads  under  regulations  made  by 
the  board  of  county  commissioners,  and  prisoners  in  the  State 
prison  may  be  required  to  work  on  the  State  roads. 

When  State  prison  convicts  are  used  in  the  construction  or  im- 
provement of  any  State  road,  the  work  shall  be  under  the  author- 
ity and  control  of  the  State  road  commission,  the  State  board  of 
correction  and  the  warden  of  the  Utah  State  prison. 
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The  State  board  of  pardons  is  required  to  make  provision  for 
granting  privileges  and  reduction  of  sentence  for  good  behavior 
on  part  of  convicts  employed  on  roads. 

Autcmobile  Registration 

'  The  law  provides  for  registration  with  the  secretary  of  State. 
The  r^istration  fees  are  as  follows:  $3  for  each  motor  cycle,  $10 
for  each  electric  motor  vehicle  used  only  for  pleasure  purposes, 
$10  for  each  commercial  motor  vehicle  used  for  canying  passen- 
gers for  hire,  $10  for  each  commercial  vehicle  or  truck,  $5  for  every 
other  motor  vehicle  not  exceeding  25  h.p.,  $10  for  every  other 
motor  vehicle  exceeding  25  but  not  exceeding  40  h.p.,  $15  for 
every  other  motor  vehicle  exceeding  40  h.p. ;  chauffeur's  licenM, 
$2. 

The  r^istration  revenues  are  paid  into  the  State  treasury  and 
there  credited  to  the  State  road  fimd  to  be  expended  under  the 
direction  of  the  State  road  department. 

Highway  Officiale 

State  Road  Commiasionf  Sail  Lake  City;  Wm.  Spry,  chairman 
Bichard  R.  Lyman,  vice-chairman;  W.  D.  Beers,  Daniel  0.  Lar- 
son, and  Wm.  Peterson.    E.  R.  Morgan,  State  road  engineer  and 
secretary.    The  road  commission  appoints  a  State  agent  in  each 
county  to  take  charge  of  State  road  work. 

Road  Funds 

An  annual  appropriation  of  $100,800  is  made  from  the  general 
revenues  of  the  State  for  a  State  road  fund.  Bonds  of  the  State 
may  be  issued  for  road  work. 

Progress  Report 

On  December  1, 1916,  there  were  3,440  miles  of  State  road  desig- 
nated. During  1916,  404  miles  were  graded,  56  miles  surfac^ 
with  sravel,  21  miles  with  shale,  20  miles  witib  concrete,  15  miles 
with  bitimiinous  materials  and  12  miles  with  clay  and  sand;  34 
bridges  and  634  culverts  were  built.  The  entire  length  of  State 
roads  was  maintained. 

(AppzoTad  by  E.  R.  Mosoxir,  State  Road  Engineer.] 


184  AlfSBICAN  HIGHWAY  AflSOOIATIOlf 

VERMONT 

State  Aid  LegUlatian 

The  State  highway  oommissioner  is  appointed  by  the  govemor 
for  a  terai  of  two  yean,  and  has  control  over  the  expenditures 
of  nm  moneys  appropriated  by  the  State  for  highway  purposes. 
He  appoints  not  to  exceed  one  supervisor  for  each  county  to  assist 
him  in  the  performance  of  his  duties.  The  State  highway  com- 
missioner meets  the  selectmen,  road  and  street  commissioners  of 
the  several  towns  and  villages  at  least  once  annually,  and  these 
selectmen  and  commissioners  receive  their  per  diem  and  necessary 
expenses  for  attending  the  meetings. 

The  selectmen  and  town  oonmiiflflioners  select  the  roads  on 
which  State  aid  shall  be  expended,  but  such  selection  is  subject 
to  the  approval  of  the  State  highway  commissioner.  The  select- 
men and  the  State  highway  commissioner  may  agree  upon  any 
plfui  of  expenditure  deemed  best  in  any  such  town. 

A  State  highway  tax  of  5  cents  on  each  $100  is  annually  assessed 
and  the  amount  thus  derived  is  apportioned  to  the  towns  upon 
the  bacds  of  the  road  mileage  therem.  which  shall  be  certified  to 
the  secretary  of  State  by  the  selectmen.  A  direct  appropriation 
is  made  to  be  available  to  cities  and  towns,  excepting  incorpor- 
ated villages,  as  follows:  When  a  town  shall  vote  to  raise  money 
in  addition  to  the  amount  required  by  law,  an  amount  shall  be 
apportioned  to  the  town  equal  to  the  excess  amount,  provided  it 
is  not  less  than  $100  or  more  than  $1000  in  any  one  year. 

Provision  is  made  for  the  suppljdng  engineering  services  on  all 
bridges,  and  for  State  aid  on  the  building  or  rebuilding  of  bridges 
of  less  than  30  foot  span.  The  amount  of  State  aid  is  not  to  ex- 
ceed 25  per  cent  of  the  cost  of  the  bridge,  and  in  no  case  to  ex- 
ceed $300.    The  appropriation  is  $15,000  for  this  purpose. 

Provision  is  also  made  for  towns  and  State  to  unite  in  main- 
taining certain  approved  State  roads  imder  the  patrol  system,  the 
town  appropriating  a  proper  amoimt  and  the  State  suppljdng  the 
balance. 

Local  Road  Legislation 

One  or  two  road  commissioners  are  elected  by  the  town  each 
year,  or  they  may  be  appointed  by  the  selectmen,  providing  the 
town  votes  them  the  authority.  The  coimty  court  annually  ap- 
points three  persons  as  county  road  conmiissioners. 

Local  Bond  Legislation 

Any  town  or  incorporated  city  may  issue  bonds  to  an  amount 
not  exceeding  three  times  its  grand  list  for  the  purpose  of  purchasing 
road-making  apparatus  and  building  permanent  highways  therein. 
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To  anthorke  such  bonds  a  two-thirds  majority  vote  of  all  those 
cast  at  a  meeting  of  the  town  or  corporation  for  that  purpose  shall 
be  necessary.  These  bonds  shall  be  issued  for  a  term  not  exceeding 
twenty-five  years,  with  interest  coupons  attached  bearing  not  to 
exceed  5  per  cent  interest.  The  town,  city  or  village  must  by  vote 
determine  the  time,  place,  manner  of  payment,  and  the  terms,  de- 
nominations and  conditions  of  such  bonds. 

Convict  Labor  LegUlation 

The  sheriffs  of  the  several  counties  may  employ  or  cause  to  be 
employed  able-bodied  prisoners  confined  in  county  jails,  upon 
eonviction  for  crime,  in  the  improvement  of  the  public  highways 
within  a  radius  of  30  miles  from  such  jail  and  outade  of  a  dty  or 
incorporated  village.  The  county  sheriff  makes  necessary  rules 
for  the  proper  care  of  such  prisoners  subject  to  the  approval  of  the 
attorney-general  and  governor.  The  State  highway  commissioner 
shall  designate  subject  to  the  approval  of  the  sheriff  the  highways 
upon  which  labor  shall  be  employed.  The  highway  commissioner 
or  his  assistants  shall  direct  the  work. 

Automobile  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  First  r^istration,  per 
h.p.,  SI;  second  registration,  per  h.p.,  75  cents;  th&d  and  subse- 
quent registrations,  per  h.p.,  50  cents;  operators,  including  own- 
ers, $2.00;  manufacturers  and  dealers,  $25. 

The  net  registration  revenue  is  paid  into  the  State  treasury  to 
be  earoended  for  the  repair  and  maintenance  of  main  thoroughfares 
and  Dtate  roads  under  the  direction  of  the  State  highway  com- 


Highway  Officials 

State  highway  commissioner,  Stoddard  B.  Bates;  clerk,  M.  E. 
Shedd;  office,  Montpelier,  Vt. 

Progress  Report 

Of  the  15,000  miles  of  roads  in  the  State,  about  4000  miles  are 
selected  as  State  roads  to  be  improved.  About  $250,000  of  State 
money  in  addition  to  that  expended  by  towns,  was  spent  on  maiQ- 
tenance  in  1916.  The  plan  of  improvement  is  to  concentrate  the 
work  on  the  worst  places  on  these  4000  miles  of  main  roads  in- 
stead of  building  long  stretches  of  new  roads.  In  this  way  the 
main  roads  have  no  very  poor  sections,  after  the  spring  thaws  are 
over;  175  miles  of  road,  including  cities  and  villages,  were  built 
in  this  way  in  1916  at  a  cost  of  ^50,000.  Gravel  roads  seem  to 
answer  Vermont  conditions  most  satisfactorily. 
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In  1913  a  beginning  was  made  in  systematic  maintenance  by 
establifidiing  about  70  miles  of  patrol  routes  on  the  trunk  roads. 
These  routes  were  increased  to  280  miles  in  1914,  446  miles  in 
1915,  and  730  miles  in  1916. 

Rood  Funds 

For  maintenance  of  the  State  roads  only,  there  will  be  expended 
by  the  State  an  estimate  of  $250,000;  expended  by  the  towns, 
$150,000;  total  $400,000. 

[Approved  by  M.  E.  Shsod,  Ckrk,  State  Highwij  CammiiiinnJ 

VIRGDIIA 

State  Aid  Legialation 

A  State  highway  conmiissioner  is  appointed  by  the  governor, 
with  the  consent  of  the  general  assembly,  for  a  term  of  six  years. 
Tlie  commissioner,  together  with  the  professors  of  civil  engmeer- 
ing  of  the  University  of  Virginia,  the  Virginia  Military  Institute, 
and  the  Virginia  Polyteclmic  Institute,  constitute  the  State 
highway  conunission.  The  State  highway  commissioner  is 
required  to  be  a  citizen  of  the  State  and  a  civil  engineer  versed 
in  road  building. 

The  State  highway  commissioner  has  supervision  of  the  con- 
struction and  maintenance  of  main-traveled  roads  of  the  State, 
may  recommend  to  the  governor  and  local  authorities  needed 
improvonents,  collect  infonnation  and  disseminate  the  same, 
and  give  advice. 

Whenever  the  local  authorities  of  any  county  desire  to  per- 
manently improve  any  main  road,  they  may  make  application 
to  the  State  highway  commissioner,  If  he  approve  such  appli- 
cation he  shall  prepare  plans,  specifications,  and  estimates  and 
submit  a  copy  of  same  to  the  local  authorities.  If  they  decide 
to  improve  said  road,  they  may  make  application  to  the  State 
commissioner  for  State  aid,  which  may  be  money  aid  or  convict 
labor.  If  money  aid  is  desired,  the  local  authorities  shall  agree 
that  the  county  will  bear  one-half  of  the  cost  of  improvement 
and  the  State  highway  commissioner  shall  advertise  for  bids 
and  the  local  authorities  award  the  contract  subject  to  the  ap- 

Sroval  of  the  State  highway  commissioner.  The  work  shall  b% 
one  under  his  supervision.  The  money  aid  is  apportioned  among 
the  counties  of  the  State  according  to  the  total  amount  of  Stati 
taxes  paid  by  the  respective  counties.  If  a  county  pays  more 
than  50  per  cent  of  the  expense  it  shall  be  entitled  to  receive 
annual  apportionment  until  the  receipts  from  the  State  shaQ 
equal  50  per  cent  of  the  cost  of  such  permanent  improvement. 
If  convict  labor  is  desired,  the  local  authorities  shall  under- 
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take  to  supply  necessary  materials,  tools,  and  teams,  and  have 
the  work  done  under  the  supervision  of  a  civil  engmeer,  to  be 
supplied  by  the  State  highway  commissioner,  at  a  salary  not 
to  exceed  $1200  a  year,  to  be  paid  by  the  county.  The  State 
commissioner  then  makes  requisition  on  the  superintendent  of 
the  penitentiary  for  such  convicts  as  he  may  deem  necessary. 
If  the  local  authorities  desire  to  do  the  work  by  contract,  the 
labor  of  the  convicts  may  be  estimated  at  11  per  10  hour  day, 
and  the  State  grant  in  this  way  not  more  than  40  per  cent  of  the 
contract  price.  Counties  may  not  receive  both  convict  labor 
and  money  aid  in  the  same  year.  Any  county  may  use  its  appor- 
tionment of  State  money  in  the  construction  of  bridges,  and  any 
county  may  determine  what  part  of  its  60  per  cent  of  the  cost 
of  roflxi  or  bridge  construction  shall  be  borne  by  the  sub-divisions 
of  the  county. 

Whenever  any  county  or  district  shall  issue  bonds  for  road 
improvement,  application  shall  be  made  to  the  State  highway 
commissioner  for  a  competent  highway  engineer  to  make  plans 
and  specifications  and  supervise  the  work,  which  shall  be  awarded 
to  contract  jointly  by  the  State  highway  commissioner  and  the 
local  authorities.  The  proceeds  of  automobile  fees  are  expended 
under  the  direction  of  the  State  highway  commissioner. 

Local  Road  LegiaUUion 

Jurisdiction  over  roads  vests  in  the  county  boards  of  super- 
visors. Each  board  is  authorized  to  appoint  a  coimty  road  super- 
intendent or  a  road  superintendent  for  each  magisterial  district  or 
group  of  districts,  or  it  may  appoint  both  coimty  and  district 
superintendents. 

Local  Band  Legislation 

Upon  the  petition  of  a  majority  of  the  board  of  supervisors  of 
any  county  or  upon  the  petition  of  150  freeholders  of  a  county  to 
the  circuit  court  thereof,  the  circuit  court  may  order  an  election 
to  determine  whether  the  board  of  supervisors  of  the  coimty  shall 
issue  county  bonds  for  road  purposes.  A  majority  of  the  qualified 
voters  of  the  coimty  will  be  necessary.  The  amount  of  the  bonds, 
including  all  bonds  previously  issued  and  remaining  unpaid,  shall . 
in  no  case  exceed  10  per  cent  of  the  total  taxable  value  of  the  county. 
These  bonds  Aall  be  issued  in  denominations  of  1100  or  some  multi- 

Ele  thereof,  shall  bear  not  to  exceed  6  per  cent  interest,  and  shall 
e  payable  not  exceeding  thirty-four  years  from  the  date  thereof, 
but  may,  in  the  discretion  of  the  board  of  supervisors,  be  made 
redeemable  at  such  time  or  times  as  the  board  may  prescribe  and 
stipulate  upon  the  face  of  the  bonds  when  issued.    After  the  issu- 
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aace  of  the  bonds,  a  tax  shall  be  levied  in  the  county  on  all  property 
liable  to  State  tax  to  an  amount  sufficient  to  meet  the  interest 
on  the  bonds  and  create  a  sinking  fund  for  their  redemption  at 
maturity. 

The  board  of  supervisors,  or  local  county  road  board  if  there  be 
one,  shall  apply  to  the  State  highway  commissioner  for,  or  shall 
employ  a  competent  road  engineer  to  make  plans  and  specifications 
for  and  supervise  the  improvements  made  from  the  proceeds  of 
the  bond  issue. 

Bonds  may  be  issued  by  any  county  for  the  purpose  of  macad- 
amizing or  6therwise  improving  the  public  roads  and  bridges  of 
any  magisterial  or  road  (Ustrict  in  such  county.  Before  the  bonds 
are  issued,  a  petition  signed  by  a  majority  of  the  board  of  super- 
visors of  the  county  or  by  fifty  freeholders  of  any  magisterial  dis- 
trict or  districts  in  the  county  shall  be  presented  to  the  circuit 
court  of  the  county,  which  shall  order  an  election  to  be  held  to 
determine  whether  the  bonds  shall  be  issued.  A  majority  of 
the  qualified  voters  of  the  district  voting  thereon  shall  be  necessary 
to  carry  the  election.  The  amount  of  these  bonds  shall  not  exceed 
10  per  cent  of  the  total  assessed  taxable  values  at  the  time  in  the 
magisterial  district.  These  bonds  shall  be  in  denominations  of 
$100  or  some  multiple  thereof,  shall  bear  not  exceeding  6  per  cent 
interest  per  annum,  and  shall  be  payable  within  not  exceeding 
thirty-four  years  from  the  date  thereof,  but  may,  in  the  dis- 
cretion of  the  board,  be  made  redeemable  at  such  time  or  times 
and  upon  such  notice  as  the  board  may  prescribe  and  stipulate 
upon  the  face  of  the  bonds  when  issued.  The  necessary  tax  levy 
shall  be  made  by  the  board  on  all  taxable  property  liable  to  State 
tax  in  the  magisterial  district,  in  order  to  meet  the  interest  on  the 
bonds  and  to  create  a  smking  fund  for  theu-  redemption  at  maturity. 

Under  a  clause  in  article  5  of  chapter  76  of  the  laws  of  190S, 
when  more  than  50  per  cent  of  the  expense  of  permanent  road 
Improvement  in  any  county  is  expended  in  accordance  with  pro- 
visions of  the  act,  that  county  shall  be  entitled  to  receive  its 
annual  apportionment  of  State  aid  until  its  receipt  from  tiie  State 
on  that  account  shall  equal  60  per  cent  of  the  expense. 

Convid  Labor  LegislaUon 

After  May  1,  1913,  all  male  prisoners  confined  in  the  State 
penitentiary  shall  be  subject  to  work  on  the  State  convict  road 
force,  except  those  considered  imsafe  b^  the  superintendenl 
The  road  force  ihaU  be  under  the  direction  of  a  civil  engineer 
appointed  by  the  State  highway  commissioner,  or  of  a  guard  so 
appointed  who  shaU  be  weU  versed  in  road  building.  When  lo<^ 
road  authorities  desire  to  make  permanent  improvooaent  by  con- 
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tracty  the  State  may  fumiah  such  force  of  convicts  that  at  $1  per 
day  will  amount  to  40  per  cent  of  the  contract  price. 

AtUomdbUe  Regiatratum 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  Fee  for  certificate  of  registration  and  license  is  40  cents 
per  horse  power.  One-half  of  this  fee  is  charged  after  September 
1.  All  fees  derived  from  automobile,  garage  and  chauffeur  licenses 
are  paid  into  the  State  treasxuy  and  constitute  a  special  fund  to 
be  expended  imder  the  direction  of  the  State  highway  commis- 
sioner in  the  maintenance  of  roads  and  bridges  constructed  imder 
the  supervision  of  the  highway  department.  The  counties  are 
required  to  put  up  an  equal  amount. 

Highway  Officials 

G.  P.  Coleman,  State  highway  commissioner;  Wm.  M.  Thorn- 
ton, dean,  engineering  department,  University  of  Virginia;  R. 
B.  H.  B^g,  dean,  engineering  department,  Virginia  Polytechnic 
Institute:  Col.  T.  A.  Jones,  professor  of  civil  engineering,  \^rgmia 
Military  institute;  C.  B.  Scott,  assistant  commissioner;  B.  Atkins, 
clerk;  D.  McDonald,.auditor;  S.  L.  von  Gemmingen,  maintenance 
engineer;  C.  S.  Mullen,  assistant  maintenance  engineer;  F.  D. 
Henley,  A.  H.  Pettigrew,  J.  L.  Cresap,  W.  I.  Lee,  division  engi- 
neers; E.  R.  Cocke,  Jr.,  acting  division  en^eer;  Wm.  R.  Glidden, 
bridge  engineer.    Offices,  Richmond. 

Progress  Report 

Mileage  and  Coat  of  Roads  Constructed 

During  Year  Ending  September  30,  1916 

Amraoe  eo9i 
MUet  CoH  per  miU 

Maeadum— Money  aid 42.03  $218,216.29  $5083.07 

Macadam— Conyict  labor 56.09  269,534.92  4892.62 

PreviouBly  graded 

Maeadam— Money  aid 10.89  37,277.68  3423.11 

Macadam--Oonvict  labor 11.33  18,878.65  1,666.25 

Bitnminoua     macadam— Money 

aid 1.88  29,955.98  17,161.82 

Bituminous    macadam — Convict 

labor 4.78  38,618.75  8,079.24 

Previously  graded 

Bituminous  macadam — 

Money  aid 3.08  18,116.76  5,882.06 

Concrete— Money  aid 10.15  113,696.28  11,191.76 

Gravel— Money  aid 31.93  92,706.70  2,903.40 

Gravelr-Coiivict  labor 18.38  38,175.82  2,077.03 
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MiUag*  and  Cat  of  Roadt  C&nttrueUd-^eontinued. 

MUm  Cott  ptr  mSU 


Previously  graded 

Gravel--State money  aid....  1.59  $1,318.98  $829.54 

Gravelr-Convict  labor 38  798.32  2,100.84 

Shell— State  money  aid 2.91  5,211.51  1,790.90 

Soil— State  money  aid 114.17  162,217.17  1,420.84 

Soil-^Oonvict  labor 120.92  152,728.09  1,263.05 

Sand-clay^-State  money  aid 161 .69  94,261 .07  582.97 

Graded— State  money  aid 66.95  124,249.51  1,855.86 

Graded— Convict  labor 32.00  59,228.62  1,850.89 

Surface-treatment  of  old  Mac- 
adam roads— Money  aid 14.77  13,592.37  920.27 

705.82  $1,488,682.47 

Road  Funda 

The  State,  during  the  last  year,  appropriated  for  road  con* 
struction  purposes  $599,648.00.  This,  together  with  county  and 
district  funds,  has  given  a  total  of  $1,585,550  for  the  construction 
of  700  miles  of  road,  and  $157,358  for  the  construction  of  bridges. 
In  addition  to  this,  we  have  expended  $23,564.00  for  maintenance. 
The  State's  appropriation  for  1917  will  be  $190,000  State  money 
aid;  $240,000,  including  fees,  for  the  maintenance  of  the  convict 
force.  It  is  estimated  that  the  automobile  licenses,  fees,  etc., 
will  amoimt  to  approximately  $400,000,  this  to  go  for  mainte- 
nance purposes,  making  a  total  contributed  by  the  State  for  con- 
struction and  maintenance  purposes  of  $830,000. 


[Appiov«l  by  G.  P.  CoLBMAX,  State  Highwmy  CcnnmimoiMr.) 

WASHINGTON 

State  Aid  Legislation 

The  public  highway  fund  is  derived  from  a  tax  of  one  mill  on 
all  property,  and  is  used  for  the  construction  of  State  roads.  A 
system  of  primary  and  secondary  State  roads  has  been  established 
by  the  legislature;  primary  State  roads  are  built  and  maintained 
b}r  the  State;  secondary  State  roads  are  built  by  the  State  and  main- 
tained by  the  coimties.  The  legislature  makes  appropriations  from 
'the  public  highway  fund  for  construction  of  designated  portions  of 
the  State  roads,  and  for  the  maintenance  of  the  State  highway 
department.  Seven  and  one-half  per  cent  of  the  pubUo  highway 
fund  is  set  aside  for  maintenance  of  primary  highways.  Con- 
struction and  maintenance  of  State  roads  is  under  the  direction  of 
the  State  highway  commissioner,  appointed  by  the  governor  for 
a  term  of  four  years.  He  is  required  to  compile  statistics  relat- 
ing to  pubUc  highways  throughout  the  State,  give  advice  to  local 
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officials,  and  make  recommendationB  as  to  needs  of  highways,  with 
estimated  cost;  he  is  also  charged  with  special  investigations  and 
duties  by  the  legislature.  The  State  highway  board  apportions 
the  amounts  appropriated  by  the  le^slature  for  any  State  road 
to  be  expended  within  the  boimdaries  of  the  several  coimties 
through  which  the  road  may  pass;  awards  all  construction  con- 
tracts; and  decides  matters  of  general  policy  in  connection  with 
the  work  of  the  State  highway  commissioner. 

The  permanent  highway  fimd  is  derived  from  a  tax  of  1.5  mills 
on  all  property;  is  paid  into  the  State  treasury  and  credited  to 
each  county  in  the  full  amoimt  paid  by  such  county.  It  is  ex- 
pended on  contracts  for  surfaced  road  construction,  under  certain 
statutory  restrictions.  A  road  improvement  under  this  law  may 
be  initiated  by  the  board  of  county  commissioners  on  its  own 
motion,  when  the  entire  cost  of  construction,  except  engineering 
supervision,  is  paid  from  the  fund;  or  may  be  initiated  by  a  peti- 
tion signed  by  the  owners  of  not  less  than  two-thirds  of  the  prop- 
erty fronting  on  the  section  of  the  road  to  be  improved,  in  which 
case  at  least  15  per  cent  of  the  cost  is  assessed  to  the  abutting 
property.  Plans  and  specifications  for  such  work  are  prepared  by 
the  county  engineer,  subject  to  the  approval  of  the  State  highway 
commissioner.  All  pa3nnents  made  for  such  work  have  to  be 
approved  by  the  State  highway  commissioner,  who  also  examines 
and  accepts  the  completed  contracts.  The  expenses  of  the  county 
engineer  in  connection  with  these  improvements  are  paid  from  the 
general  county  funds;  the  expenses  of  the  State  highway  conmiis- 
flioner  are  paid  from  his  office  appropriations.  Five  per  cent  of 
the  fund  is  set  aside  for  the  maintenance  of  roads  constructed 
under  the  provisions  of  the  act. 

The  State  highway  board  is  authorized  to  establish  State  quar- 
ries to  be  operated  by  convict  labor.  The  material  prepared  at 
such  quarries  is  used  on  State  roads,  or  by  any  city,  town  or 
county  after  the  State  road  requirements  have  been  met,  or  may 
be  sold  in  the  open  market  after  State  and  municipal  needs  are 
satisfied,  at  a  price  of  not  less  than  10  per  cent  above  the  esti- 
mated cost  of  production  at  place  of  deUvery.  Five  quarries  were 
established  under  this  act.  Legislation  is  pending  to  turn  them 
over  to  the  counties  where  they  are  situated  for  operation  in  the 
same  way. 

Local  Road  Laws 

The  roads  of  a  county  not  under  the  township  system  are  in 
charge  of  the  board  of  county  commissioners.  The  board  divides 
the  county  into  districts  and  appoints  a  supervisor  for  each.  A 
coimty  engineer  is  elected  biennially. 

Where  a  county  has  adopted  the  township  system,  the  roads 
are  under  the  commissioners  or  supervisors  of  each  township. 
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Local  Bond  Legidatum 

There  are  in  Washington  three  operative  statutes  passed  and 
effective  in  the  years  1890,  1893  and  1913,  respectively.  The  last 
two  are  very  similar,  and  the  act  of  1913,  as  therein  stated,  is 
intended  to  confer  additional  power  and  authority.  Bonds  may 
be  issued  under  the  provisions  of  either  of  these  statutes. 

The  board  of  county  commissioners  of  any  county  may,  by  the 
act  of  1890,  whenever  a  majority  of  them  shall  so  decide,  submit 
to  an  election  the  question  of  issuing  coupon  road  and  bridge 
bonds  in  an  amount  not  to  exceed  5  per  cent  of  the  taxable  property 
in  the  county,  bearing  not  to  exceed  6  per  cent  interest  per  annum, 
and  payable  at  such  time  as  may  be  fixed  by  the  board  of  county 
commissioners.  This  proposition  may  be  submitted  at  a  general 
election  and  a  majority  of  three-fifths  of  the  votes  cast  is  necessary 
to  authorize  the  issue  of  these  bonds.  If  bonds  are  issued,  the 
county  commissioners  must  ascertain  and  levy  annually  a  suffi- 
cient tax  to  pay  the  interest  on  them  when  they  become  due  and 
to  create  a  sinlang  fund  to  redeem  them  at  maturity. 

The  county  commissioners  are  authorized  by  the  act  of  1893 
to  establish  and  construct  a  system  of  improved  roads  on  petition 
setting  forth  that  the  public  welfare  requires  that  such  improve- 
ments should  be  begun  without  delay  and  that  the  county  has 
not  sufficient  funds.  If  the  commission  shall  approve  the  petitipn, 
they  may  by  resolution  direct  that  an  election  be  called  on  the 
question  of  issuing  bonds  of  the  county  to  provide  funds.  If 
three-fifths  of  those  voting  are  favorable,  the  commissioners  shall 
issue  the  bonds  and  negotiate  their  sale  at  not  less  than  par  value. 
These  bonds  shall  be  made  payable  to  the  bearer  within  not  more 
than  twenty  years  from  their  date  and  shall  bear  not  exceeding  6 
per  cent  interest.  Bonds  shall  not  be  issued  under  the  provisions 
of  this  chapter  in  such  an  amount  as  will  make  the  aggregate  indebt- 
edness of  the  county  exceed  H  per  cent  of  the  value  of  taxable 
property  therein.  When  bonds  are  issued,  the  board  of  county 
commissioners  is  authorized  and  required  annually  to  levy  and 
collect  a  tax  sufficient  to  pay  the  interest  on  them,  and,  in  case 
they  are  to  run  longer  than  ten  years,  they  shall  annually  levy 
and  collect,  beginning  with  the  annual  tax  levy  succeeding  the 
expiration  of  ten  years  from  the  date  of  the  bonds,  an  additional 
tax  to  provide  a  sinking  fund  for  the  payment  ot  the  principal 
thereof.  This  annual  sinking  fund  levy  shall  be  at  least  equal  to 
10  per  cent  of  the  amoimt  of  the  bonds  issued. 

An  act  passed  In  1913  authorizes  the  board  of  county  commis- 
sioners of  any  county  to  submit  to  the  voters  of  tiie  county  the 
question  of  issuing  negotiable  coupon  road  bonds  in  an  amount  not 
to  exceed  5  per  cent  of  the  taxable  property  of  such  county.    This 
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question  may  be  submitted  at  the  general  election  or  at  a  special 
election  called  for  that  purpose.  A  three-fifths  majority  of  the 
▼otes  cast  shall  be  necessary  to  authorize  the  issuance  of  the  bonds. 
If  issued,  they  shall  run  not  to  exceed  twenty  years  and  bear 
not  to  exceed  6  per  cent  interest.  The  provisions  of  this  act  shall 
apply  not  only  to  roads  which  are  or  shall  be  under  the  general 
control  of  the  county,  but  also  to  all  parts  of  the  State  roads  in  the 
county  and  to  all  roads  which  are  situated  or  are  to  be  constructed 
whoUy  or  in  part  within  the  limits  of  any  incorporated  city  or 
town  therein;  provided  that  the  board  of  coimty  commissioners 
finds  ttisA  they  form  or  will  become  a  part  of  the  public  highway 
syfitem  of  the  county;  provided  further  that  no  proposition  for 
bonds  shall  be  submitted  which  proposes  that  more  than  40  per 
cent  of  the  proceeds  tiiereof  shall  be  expended  within  any  city  or 
town  or  within  any  niunber  of  cities  and  towns.  After  the  bonds 
are  issued,  the  coimty  commissioners  shall  levy  an  annual  tax 
sufficient  to  pay  the  interest  and  at  least  five  years  prior  to  the 
maturity  of  the  bonds,  and  thence  forward  each  year  until  their 
maturity  the  coimty  commissioners  must  ascertain  and  levy  a  tax 
student  to  accumulate  during  the  last  series  of  years  a  fund  equal 
to  the  principal  of  idl  the  bonds  then  remaining  outstanding  and 
unpaid.  The  proceeds  of  this  tax  shall  go  into  a  sinking  fund  for 
the  discharge  of  the  bonds. 

Convict  Labor  Law 

Whenever  there  are  persons  confined  in  the  State  penitentiaiy 
who  are  physically  able  to  perform  manual  labor  upon  the  public 
highways  and  who  shall  not  be  engaged  in  other  work  required  by 
the  State  board  of  control,  the  same  may  be  employed  upon  the 
construction  and  improvement  of  the  public  highways  within  the 
State. 

The  board  of  control  shall  monthly  certify  to  the  State  highway 
commissioner  the  number  of  persons  in  the  institution  named  who 
may  be  used  for  the  work  authorized  under  this  act,  and  the  state 
highway  commissioner  shall,  whenever  possible  use  such  persons 
in  the  building  or  repair  of  public  roads. 

All  work  shall  be  under  direction  and  supervision  of  the  State 
highway  commissioner,  but  the  control  and  management  of  the 
convicts  shall  be  under  the  supervision  of  the  State  board  of 
control.  All  expense  of  care,  maintenance  and  transportation 
above  25  cents  per  day  for  each  convict  shall  be  paid  from  the 
funds  authorized  to  be  used  on  the  road  being  improved.  Twenty- 
five  cents  per  day  sh£dl  be  paid  from  the  fund  appropriated  for  the 
maintenance  of  the  penitentiary. 
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County  commissioners  may  order  jail  prisoners  to  work  on  the 
public  roads  under  direction  of  the  sheriff  at  a  distance  of  not  to 
exceed  5  miles  from  place  of  detention. 

While  the  law  for  prison  labor  remains  unchanged,  the  number 
of  convicts  available  for  road  work  has  decreased  since  the  prohi- 
bition law  went  into  force,  to  such  an  extent,  that  there  is  no 
likelihood  of  any  road  work  by  prison  labor  during  the  ensuing 
two  years. 

Automobile  Registration 

Application  for  a  motor  vehicle  license  is  made  to  the  county 
auditor,  and  is  forwarded  to  the  secretary  of  State,  who  issues  a 
license  and  number  plates. 

The  annual  license  fees  are  based  on  horse  power  and  capacity, 
as  follows: 

All  motor  cycles,  $2.50. 

Automobiles,  26  h.p.  or  under,  $3;  25  to  40  h.p.,  $5;  40  h.p.  and 
over,  $7.50;  public,  per  horse  power,  50  cents. 

Motor  trucks,  under  2  tons  capacity,  $10;  2  tons  and  under 
3,  $15;  3  tons  and  under  4,  $20;  4  tons  and  not  over  5,  $25. 

Motor  trucks  for  hire,  under  2  tons  capacity,  $20;  2  tons  and 
under  3,  $30;  3  tons  and  under  4,  $40;  4  tons  and  not  over  5,  $50. 

Auto  stages  pay  at  the  rate  of  50  cents  per  horse-power  and 
in  addition  $1  per  passenger  capacity  of  the  vehicle. 

Demonstration  motor  cycles,  $3;  all  other  demonstration  motor 
vehicles,  r^ardless  of  horse-power  or  capacity,  $5.  Proposals  to 
increase  these  rates  slightly,  especially  on  motor  trucks  and  for 
hire  vehicles,  are  now  pending  before  the  legislature. 

The  costs  of  administration  of  the  law  are  paid  from  the  receipts 
of  fees.  The  balance  of  the  fees  is  paid  into  the  permanent  high- 
ways maintenance  fund.  Fines  are  paid  into  the  same  fund. 
Proposals  to  divide  these  fees  and  fines,  one-third  to  State  roads, 
one-third  to  county  highways,  one-third  to  cities  are  now  pending 
before  the  legislat\u*e. 

Highway  Officials 

State  Highway  Board,  Olympia, — Governor  Ernest  Lister,  chair- 
man; James  Allen,  State  highway  commissioner,  secretary;  W. 
W.  Sherman,  State  treasurer;  C.  W.  Clausen,  State  auditor,  and 
E.  F.  Blaine,  chairman  of  the  public  service  commission. 

Road  Funds 

The  1915  legislature  appropriated  $2,152,288  for  State  roads 
for  the  two  years  ending  March  31, 1917,  and  reappropriated  $153  - 
640  for  that  purpose;  it  also  appropriated  $4,000,000  for  perma- 
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nent  highways.  It  was  estimated  that  $4^000,000  of  county 
funds  would  also  be  spent  during  the  two  years.  The  legislature 
now  in  session  is  expected  to  make  about  the  same  appropriations. 

(Appiorad  by  Jambs  AziLair»  State  EBchway  Commiarioair.] 


WEST  VIRGINIA 

State  Aid  LegislcUion 

At  the  1013  session  of  the  legislature  a  law  was  enacted  estab- 
lishing a  State  road  bureau  consisting  of  the  professor  in  charge 
of  the  railway  and  highway  department  of  the  State  university 
to  be  chief  road  engineer  and  chairman  of  the  bureau;  the  director 
of  the  State  experiment  station  and  two  additional  members 
to  be  appointed  by  the  governor.  Both  of  these  two  members 
shall  not  be  appointed  from  the  same  political  party.  The  pro- 
fessor in  charge  of  the  railway  and  highway  department  at  the 
State  university  is  to  be  appointed  by  the  governor.  The  bureau 
is  to  give  instruction  and  advice  in  road  building,  collect  data, 
test  materials,  and  have  such  supervision  of  the  roads  of  the 
State  as  is  consistent  with  the  constitutional  provision  on  this 
subject  and  to  see  that  all  road  laws  are  enforced. 

The  State  grants  aid  to  the  counties  in  the  form  of  convict 
labor  to  be  employed  under  the  supervision  and  in  accordance 
with  the  plans  and  specifications  of  the  State  road  bureau. 

The  road  bureau  is  stationed  at  the  University  and  a  highway 
laboratory  has  been  established  preparatory  to  testing  road 
materials. 

A  special  course  in  highway  engineering  has  been  provided. 
The  law  requires  all  county  road  engineers  to  attend  this  course 
for  at  least  10  days  in  each  year.    About  155  attend. 

Road  Band  Legislation 

The  county  court  of  any  county  may  improve  the  main  roads 
thereof,  and  may  pay  for  them  by  the  issuance  of  the  bonds  of  the 
county.  The  court,  upon  petition  of  50  voters  of  a  district  or 
100  voters  of  a  county  shall  submit  the  proposition  at  a  general  or 
special  election,  and  a  three-fifths  favorable  vote  of  all  votes  cast 
shall  be  necessary  to  authorize  the  issuance  of  the  bonds.  The 
amoimt  of  bond^  indebtedness  that  may  be  outstanding  at  any 
one  time  shall  not  exceed  5  per  cent  of  the  value  of  the  taxable 
property  within  the  county.  Interest  on  these  bonds  shall  not 
exceed  6  per  cent,  and  the  bonds  shall  be  sold  at  not  less  than 
par;  the  term  not  to  exceed  thirty-four  years,  and  an  annual  tax 
shall  be  levied  on  all  property  subject  to  taxiation  in  the  county 
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sufficient  to  meet  the  interest  and  to  create  a  sinking  fund  for  the 
redemption  of  the  bonds  at  maturity. 

In  like  manner  the  county  court  may  issue  road  bonds  of  any 
magisterial  district  within  the  county.  Serial  bonds  are  now  be- 
ing issued;  to  January  1,  1917,  $13,281,500  had  been  voted,  of 
which  $7,678,600  was  in  1916. 

Local  Road  Legislation 

Three  county  commissioners,  elected  for  six  years,  one  every 
two  years  in  November  at  regular  elections,  have  control  of  roads. 
The  county  commissioners  may  appoint  a  county  engineer  to 
serve  one  year. 

Convict  Labor  Laws 

Circuit,  criminal  and  justice  courts  shall  sentence  convicts  to 
work  on  roads  and  bridges  under  the  county  court,  its  agents  or 
engineer.  Coimty  courts  may  apply  to  the  State  board  of  con- 
trol for  State  prisoners  to  work  upon  the  State  highways  of  the 
county.  The  application  will  be  granted  if  prisoners  are  avail- 
able, provided  the  State  board  of  control  may  for  good  cause  re- 
fuse to  grant  any  application.  A  total  of  72,531  days'  work  was 
done  by  convicts  on  roads  in  1915,  and  about  the  same  in  1916. 

Road  Funds 

There  are  no  State  funds  for  road  work;  the  appropriation  for 
the  State  road  bureau  is  $10,300. 

The  levies  for  road  and  bridge  purposes  for  1915-16  were 
$1,900,000  and  county  bonds  to  the  amount  of  $5,413,000  were 
voted.  In  1916-17  the  levies  were  $1,900,000  and  the  bond  issues 
$7,681,500. 

AvJtomdbile  RegistrcCtion 

The  law  provides  for  annual  r^stration  with  the  State  audi- 
tor. The  fee  for  motor  vehicle  registration  is  $10.  Chauflfeur's 
license  (perpetual)  $2.  The  registration  revenue  is  not  applied  to 
roads  but  goes  into  the  general  fund  of  the  State. 

Highway  Officials 

State  Road  Bureau. — ^A.  D.  Williams,  chairman  and  chief  road 
engineer,  Morgantown;  the  director  of  the  State  experiment  station 
ex-officio  and  two  members  appointed  by  the  governor.  Personnel 
John  Lee  Coulter,  Morgantown;  A.  H.  Gray,  Cameron;  J.  W. 
L3mch,  Union. 

lApprored  by  A.  D.  WnxzAmt  Chief  Road  Engsnear.] 
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WISCONSIN 

State  Aid  Legislation 

The  State  highway  commission  consists  of  five  members,  who 
are  non-paid  except  actual  expenses.  Three  members  are  ap- 
pointed by  the  governor.  The  dean  of  the  College  of  Engineer- 
ing at  the  University  of  Wisconsin  and  the  State  geologist  are 
members  ex-officio.  The  State  highway  engineer  is  appointed  by 
the  State  engineer  with  the  approval  of  the  State  highway  com- 
mission. 

The  boards  of  comity  supervisors  are  required  to  select  a  con- 
tinuous S3rstem  of  roads  known  as  the  coimty  system  of  pros- 
pective State  highways.  These  roads  may  be  constructed  by  the 
town,  coimty  and  State  jointly,  or  by  the  county  and  State 
jointly.  In  the  former  case,  the  town,  county  and  State  each 
assume  one-third  of  the  cost;  in  the  latter  case,  the  county  as- 
sumes three-fifths  of  the  cost  and  the  State  two-fifths.  This  ap- 
plies to  both  road  and  bridge  construction. 

Improvements  on  this  road  system  are  made  by  a  county  high- 
way commissioner,  elected  by  the  county  board,  under  the  gen- 
eral directions  and  in  accordance  with  the  plans  and  specifications 
of  the  State  highway  commission.  A  State  county  road  and 
bridge  committee,  elected  by  the  county  board  or  appointed  by 
its  chairman,  is  empowered  to  purchase  and  sell  county  road  ma- 
chinery, to  enter  into  road  and  bridge  contracts  in  the  name  of 
the  county,  to  generally  direct  the  expenditures  of  all  road  funds, 
and  to  see  that  all  arrangements  for  the  construction  and  main- 
tenance of  highways  and  bridges  provided  by  the  county  board 
are  properly  carried  out. 

After  improvement.  State  roads  and  bridges  are  maintained  by 
the  counties. 

Local  Road  Legislation 

The  county  board  of  each  coimty  elects  a  county  highway 
commissioner.  Upon  the  first  election,  he  serves  one  year;  upon 
the  second  and  succeeding  elections,  two  years.  The  county 
highway  commissioner  is  in  charge  of  all  construction  and  main- 
tenance work,  except  that  the  county  committee  acts  as  a  board 
of  directors  jointly  with  the  State  highway  commission  in  the 
general  control  and  conduct  of  the  work  in  each  county. 

General  juiisdiction  over  all  roads  other  than  those  on  the 
State  system  in  each  town  is  in  the  hands  of  town  boards,  con- 
sisting of  three  members  elected  annually.  The  method  of  pay- 
ing the  road  taxes  is  determined  by  statute.  The  poll  tax  is  in- 
cluded in  the  tax  roll  and  levied  against  all  males  within  the 
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legal  age  limits.    The  cash  system  of  pa3mient  ot  road  taxes  pre- 
vails in  most  counties. 


Local  Bond  LegisUUion 

Any  comity,  through  its  board,  may  issue  nontaxable  coupon 
bonds  bearing  interest  at  5  per  cent,  payable  semiannually,  for  the 
original  improvement  of  any  portion  of  the  system  of  prospective 
State  highways.  The  bonds  may  run  not  to  exceed  ten  years,  and 
the  entire  issue,  when  added  to  other  county  indebtedness,  must 
not  exceed  5  per  cent  of  taxable  property,  as  ascertained  by  last 
assessment.  The  bonds  may  not  be  sold  below  par  or  outside  of 
the  coxmty  until  the  residents  of  the  county  have  had  a  reason- 
able opportunity  to  purchase  them,  and  when  sold,  the  proceeds 
must  be  apportioned  by  the  county  board.  The  form  of  the 
bonds  is  to  be  approved  by  the  State  highway  commission,  and 
the  bonds  are  to  be  printed  from  plates  furnished  by  the  commis- 
sion. 

The  bonds  are  to  be  divided  as  to  denominations  and  due  dates 
•o  as  to  have  an  equal  amount  payable  each  year.  The  interest 
and  principal  are  provided  for  by  a  direct  tax  to  be  assessed  by 
the  county  board.  Provision  is  also  made  for  the  issuance  of 
bonds  conditioned  upon  the  payment  of  all  interest  by  private 
subscriptions,  but  money  or  approved  securities  must  be  first 
deposited  to  secure  the  payment  of  this  interest.  State  aid  may 
be  obtained  upon  proceeds  from  bond  sales  not  to  exceed  one-hatf 
of  the  tax  levy  in  the  coimty  for  the  payment  of  the  face  of  the 
bonds. 

No  bond  issue  shall  be  authorized  for  more  than  one-fifth  of  1 
per  cent  of  the  assessed  value  of  all  the  taxable  property  in  the 
county  until  the  proposition  has  been  submitted  to  a  vote  of  elec- 
tors of  the  county,  and  a  majority  of  those  voting  have  been  favor- 
able. A  petition  signed  by  qualified  electors  equal  to  1 0  per  cent 
of  the  number  of  votes  cast  for  governor  at  the  last  general  election 
may  secure  the  submission  to  a  vote  of  any  proposition  to  ma% 
bonds. 

Any  town  may  issue  bonds  for  the  original  improvement  of  any 
portion  of  the  system  of  prospective  State  highwa3ni  in  a  manner 
similar  to  that  of  the  coimty,  except  that  the  proposition  must, 
without  exception,  be  submitted  to  a  vote  of  the  qualified  electors 
of  the  town  at  a  regular  town  meeting,  or  at  a  special  meeting 
called  for  the  purpose.  The  rate  of  interest  and  other  terms  <rf 
the  bonds  are  practically  identical  with  those  of  the  county. 
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Convict  Labor 

The  law  provides  that  convicts  in  county  jails  may  be  used  in 
quarrying  stone  for  road  work.  The  law  also  provides  that  con- 
victs in  the  State  prison  may  be  used  in  the  construction  of  roads. 
The  employment  of  convicts  on  State  roads  is  optional  with  the 
counties.  A  number  of  the  coimties  may  use  convicts  for  their 
work  in  1916. 

AtUomobile  Registration 

The  law  provides  for  annual  registration  with  the  secretary  of 
State.  The  schedule  of  fees  is  as  follows:  Motor  cycle,  12;  aJl 
other  motor  vehicles,  $5;  dealers  and  manufacturers,  for  each 
garage,  $10. 

Three-fourths  of  the  net  registration  revenue  is  returned  to  the 
county  from  which  collected  at  the  end  of  each  year,  to  be  ex- 
pended in  repairing  highways  outside  of  incorporated  towns  and 
cities.  The  remaining  amount  is  credited  to  the  State  highway 
fund  in  the  State  treasury. 

Highway  Officials 

Wisconsin  Highway  Commission^  Madison. — J.  A.  Haselwood, 
ohaiiman,  Jefferson;  W.  O.  Hotchkiss,  State  geologist,  Madison 
(ex-officio) ;  F.  E.  Tumeaure,  Madison  (ex-officio) ;  John  S.  Owen, 
Eau  Claire;  J.  H.  Van  Doren,  Bimamwood. 

A.  R.  Hirst,  State  highway  engineer;  M.  W.  Torkelson,  bridge 
engineer;  Hal  S.  Rockwood,  chief  clerk. 

Road  Funds 

The  State-aid  law  was  passed  by  the  legislature  in  1911,  and  at 
that  time  an  annual  appropriation  of  $350,000  was  made. 

For  1916,  the  amounts  available  from  the  towns,  counties,  and 
State  amounted  to  about  $3,600,000  in  round  numbers. 

The  appropriation  for  the  support  of  the  commission  in  1916-17 
is  $65,000.  The  counties  now  pay  the  actual  cost  of  surveys 
made  by  the  oonunission  for  them,  which  was  formerly  a  charge 
against  the  appropriation  for  the  commission. 

Progress  Report 

There  are  75,887  miles  of  road  in  Wisconsin,  which  has  2,500,000 
population,  nearly  2,000,000  living  in  rural  districts.  A  9-foot 
road  has  proved  most  economical  for  local  conditions.  The 
miles  of  road  improvements  carried  out  to  the  close  of  1916  are 
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as  follows:  Graded  roads,  including  those  surfaced,  4,846.19; 
non-permanent,  212.06;  broken  stone,  1,179.71;  gravel,  974.54; 
concrete,  207.63;  miscellaneous,  198.94. 

[Appiored  by  A.  R.  Hibst,  Stete  Highway  EnsinMr.] 

WYOMING 

Staie  Aid  Legislation 

Certain  highways,  2991  miles,  h^ve  been  designated  as  public 
highways  to  be  improved  by  State  convicts,  under  the  control 
of  the  State  commission  of  prison  labor.  All  locations  and  sur- 
veys of  such  highways  are  to  be  made  under  the  direction  of  the 
State  engineer,  while  the  county  commissioners  are  required  to 
secure  rights  of  way  and  construct  bridges  in  connection  with 
plans  made  by  the  State  engineer.  Appropriations  of  S17,500 
have  been  made  for  equipment  for  convict  labor  work.  About 
100  miles  of  road  have  been  thus  improved.  No  State  money 
aid  is  granted. 

Local  Road  Laws 

The  county  commissioners  have  charge  of  roads.  Each  county 
is  divided  into  road  districts,  and  a  supervisor  is  elected  for  each 
district,  who  is  under  the  direction  of  the  county  commissioners. 

Local  Bond  Legislation 

The  State  constitution  authorizes  the  coimty  and  subdivisions 
thereof  to  create  indebtedness  not  to  exceed  2  per  cent  of  their 
taxable  valuation,  but  there  has  been  no  statutory  enactment, 
either  general  or  special,  under  the  authority  thus  conferred,  for 
the  issuance  of  road  bonds. 

Convict  Labor  Laws 

m 

Any  convict  may  be  put  to  work  on  roads  and  streets. 

Automobile  Registration 

The  law  provides  for  annual  registration  of  automobiles  with  the 
secretary  of  State.    The  registration  fee  is  $5. 

Four  dollars  of  each  registration  fee  paid  is  returned  to  the 
county  treasurer  of  the  county  from  which  received,  and  shall  be 
credited  to  a  special  fund  for  expenditure  only  for  temporary  im- 
provement of  the  county  roads.  The  remaining  one  dollar  of  such 
registration  fee  is  retained  by  the  secretary  of  State  for  the  pa3nnent 
of  expenses  incident  to  such  registration.  (Chapter  No.  95,  Laws 
1913.) 
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Progress  Report 

There  are  about  15,000  miles  of  county  roads  in  the  State  and 
several  thousand  miles  of  roads  to  which  the  counties  pay  no  at- 
tention. Over  1000  miles  of  road  in  hilly  and  mountainous  sec- 
tions have  been  graded  and  drained. 

Road  Funds 

In  addition  to  four-fifths  of  the  automobile  license  fees,  various 
sums  are  received  from  inheritance  taxes,  road  poll  taxes,  pro- 
ceeds of  the  U.  S.  Forest  Reserve  fund  and  general  county  taxes. 
From  30  to  3i5  per  cent  of  the  total  tax  proceeds  is  spent  on  roads, 
including  bridges.  It  is  estimated  that  about  $500,000  will  be 
available  for  road  work  in  1917. 

[▲ppxtnred  by  Jaumb  B.  Tbxts,  Stete  Engbieer.] 

HIGHWAY  IMPROVEMENT  IN  CANADA^ 

In  the  Dominion  of  Canada  there  are  about  250,000  miles  of 
graded  roads.  Road-building  is  a  slow  process,  and  in  most 
countries  it  has  taken  half  a  century  at  least  to  provide  adequate 
surface  construction.  The  immediate  objective  in  Canada  should 
be  to  substantially  improve  about  16  per  cent  of  the  total,  or 
40,000  miles,  which  would  carry  the  more  concentrated  market 
or  farm  traffic;  while  about  2  per  cent  additional,  or  5,000  miles 
should  be  treated  on  a  trunk  road  basis.  The  total  cost  might 
be  approximately  estimated  at  $250,000,000,  of  which  about 
$50,000,000  has  been  spent. 

The  following  brief  outlines  of  road  administration  in  the  vari- 
ous provinces  of  the  Dominion,  contain  only  sufficient  of  the 
essential  facts  in  each  case  to  indicate  the  general  situation. 

From  these  it  will  be  observed  that  no  two  provinces  have  the 
same  organization.  The  same  is  true  of  the  various  American 
states,  and  of  all  coimtries  in  the  world.  This  great  variety  of 
organization  is  due  to  the  variety  of  local  circumstances,  which 
have  influenced  the  general  trend  of  pubUc  feeling,  action  and 
administration  on  which  road  organization  is  based.    Thus  the 

^  By  Hon.  W.  A.  McLean,  Deputy  Minister  of  Highways  of  Ontario. 
Toronto,  Ont.,  with  the  co6peration  of  J.  E.  Qriffith,  Deputy  Minister  and 
PubUc  Works  Engineer  of  British  Columbia:  L.  B.  McMillan,  Secretary  of 
tbe  Department  of  Public  Works  of  Prince  Edward  Island;  J.  D.  Robert- 
son, Provincial  Engineer  of  Hii^ways  of  Alberta;  Hiram  Donkin,  Road 
C!ommi8sioner  of  Nova  Scotia;  H.  M.  Blair,  Secretary  of  the  Department 
of  Public  Works  of  New  Brunswick;  Archibald  McGillvray,  Commissioner 
of  Highways  of  Manitoba;  H.  S.  Carpenter,  Provincial  Superintendent  of 
Highways  of  Saskatchewan. 
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mountainous  character  of  British  Columbia  has  prevented  uni- 
form munidpal  organization  such  as  is  possible  in  the  prairie 
provinces.  The  R'ench  code  and  French  characteristics  of 
Quebec  have  made  a  striking  difference  as  compared  with  Ontario; 
in  the  former,  a  more  paternal  system  is  acceptable,  while  in  the 
latter  case,  local  self-government  is  more  congenial  to  the  spirit 
of  the  people. 

British  Columbia 

Roads,  15,945  miles;  trails,  7,754  miles. 

Road-building  in  British  Columbia  has  been  almost  entirely  a 
provincial  work,  due  largely  to  the  mountainous  and  heavily 
timbered  character  of  the  country. 

Under  the  department  of  public  works,  the  general  system  has 
been  to  have  a  competent  engineer  as  deputy  minister,  and 
under  him,  experienced  road  superintendents  for  each  of  the  29 
electoral  districts.  The  superintendents  employ  foremen  and 
laborers;  and  details  in  each  district  are  largely  left  to  the  judg- 
ment of  the  road  superintendent. 

Provincial  estimates  for  roads  and  bridges  in  1901  amoimted 
to  t344,000;  in  1915  estimates  amounted  to  $2,459,000.  A 
special  program  was  provided  about  1910,  with  an  estimated 
outlay  of  about  120,000,000,  the  greater  part  of  which  has  been 
spent  in  the  construction  of  main  roads.  The  total  expendi- 
tures on  roads,  trails,  bridges  and  everything  pertaining  to  high- 
ways for  the  ten  years  ending  December  1, 1916,  was  $30,320,585. 

Climatic  conditions  in  British  Columbia  in  some  respects 
resemble  the  ordinary  conditions  of  Canada,  but  on  the  Coast, 
there  ^e  roads  which  can  be  used  the  year  around,  which  have 
no  rest  by  snow  protection,  and  which  suffer  in  the  winter  by 
heavy  rains. 

Alberta 

Little  attempt  is  made  in  the  Province  to  construct  surfaced 
roads,  owing  to  the  absence  of  suitable  road-making  material. 
The  roads  are,  therefore,  merely  earth-graded  roads,  with  not 
always  continuity  of  grading.  It  is  possible  and  customary  on 
these  prairie  roads  to  pass  over  those  portions  where  the  soil  in 
its  natural  state  will  carry  traffic,  and  to  first  make  passable  those 
portions  on  which  grading,  drainage  or  other  improvement  is 
most  urgent. 

Expenditure  is  made  on  roads  by  the  rural  municipalities  and 
local  improvement  districts;  also  by  the  provincial  department 
of  public  works,  under  the  engineer  of  highways. 
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Municipal  expenditure  in  1913  was  $681,000;  in  1914,  $865,190; 
in  1915,  about  $900,000;  and  inil916  about  $1,000,000. 

Provincial  expenditure  is  devoted  largely  to  trunk  road  im- 
provement, while  the  municipalities  seek  to  improve  the  outlying 
branches. 

In  1916  the  provincial  government  spent  $357,475  on  trunk 
roads  and  bridges,  $182,4IK)  on  the  construction  and  mainte- 
nance of  side  roads  not  included  in  the  tnmk  road  system;  $150,012 
on  the  construction  and  maintenance  of  bridges  not  on  the  trunk 
road  system,  and  $68,314  on  the  69  ferry  services  in  the  Province; 
a  total  of  $758,261. 

The  province  recognizes  in  general  two  classes  of  trunk  roads: 
First,  those  paralleling  railway  lines  which  are  dealt  with  by  the 
Province,  both  as  regards  construction  and  maintenance;  and 
second,  those  leading  out  from  shipping  or  business  centers, 
at  right  angles  to  railway  lines,  and  toward  which  an  endeavor  is 
made  to  obtain  the  co-operation  of  rural  municipalities  and  local 
improvement  districts.  Local  organizations,  however,  use  their 
funds  chiefly  on  roads  leading  traffic  to  the  provincial  trunk  road 
system. 

Saskatchewan 

Road  improvement  is  largely  carried  on  by  the  Province  imder 
a  board  of  highway  commissioners,  but  with  increasiQg  settle- 
ment, rural  municipalities  and  local  improvement  districts  have 
been  formed.  Whereas  roads  were  formerly  maintained  entirely 
by  the  provincial  government,  mimicipal  organization  is  steadily 
adding  its  force  to  the  betterment  of  roads. 

The  duties  of  the  provincial  commission  are  as  follows: 

1.  To  lay  out,  plan  and  determine  upon  a  system  of  public 
highways  for  the  province,  which  may  from  time  to  time  be  lutered 
or  modified  as  the  board  may  determine. 

2.  To  determine  upon  the  most  feasible  and  economical  methods 
for  constructing,  improving  and  maintaming  public  highways. 

3.  To  furnish  the  officers  of  the  municipalities  with  iiSormation 
respecting  the  construction,  improvement  and  maintenance  of 
public  highways. 

4.  To  appoint  such  engineers,  inspectors  and  officers  as  are 
necessary  for  the  proper  carrying  out  of  the  duties  of  the  board 
and  the  provisions  of  the  act. 

The  board  endeavors  to  devote  the  most  of  its  expenditure  to 
main  roads,  but  also  assists  or  constructs  minor  roads  and  bridges 
not  on  main  roads,  which,  for  special  reasons,  are  beyond  the 
ability  of  the  local  mimicipality  to  build.  The  board  also  assists 
local  municipalities  to  the  extent  of  50  per  cent  of  the  cost  of 
improvements,  when  these  improvements  have  been  carried  out 
in  accordance  with  the  regulations  of  the  board. 
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The  use  of  the  road  drag  is  encouraged  with  good  results; 
ferries  are  operated;  while  all  bridges  of  over  20  feet  span  are 
built  by  the  commission.  In  1916^  about  2300  miles  of  road 
were  kept  in  repair  by  use  of  the  drag. 

For  1915,  the  provincial  appropriations  were  as  follows:  Roads 
and  bridges  (from  revenue) ,  $500,000;  steel  bridges  on  concrete 
foundations  (bond  issue),  $300,000;  highway  construction  (bond 
issue),  $1,200,000;  total,  $2,000,000. 

Owing  to  conditions  created  by  the  war,  it  was  deemed  advis- 
able to  cut  down  expenditures  on  road  and  bridge  work  very 
materially,  so  that,  while  during  1912,  1913  and  1914,  the  board 
spent  each  year  upwards  of  $2,000,000  for  this  work,  during  1915 
it  spent  only  about  $800,000  and  during  1916  only  about  $450,000, 
divided  as  follows:  Roads  and  bridges,  $150,000,  from  revenue; 
steel  bridges  on  concrete  foundations,  $100,000,  from  bond  issue; 
highway  construction,  $200,000,  from  bond  issue. 

As  with  Alberta,  metalled  roads  do  not  exist  outside  the  cities 
and  towns.  At  the  present  stage  of  development,  httle  can  be 
attempted  other  than  to  attend  to  the  worst  places,  so  that, 
though  the  Province  may  undertake  in  any  year  to  complete 
a  certain  mileage  of  roads,  the  actual  work  consists  in  grading 
such  parts  of  the  road  as  are  impassable,  because  crossed  by 
coulees,  sloughs,  or  other  obstacles.  Thus  in  a  given  stretch  of 
prairie  road,  possibly  only  10  per  cent  of  the  distance  actually 
receives  attention. 

Manitoba 

Road  mileage,  68,000. 

The  provincial  government  maintains  a  road  department 
under  a  provincial  highway  commissioner,  while  municipal 
organization  is  active.  The  Province  is  divided  into  108  rural 
municipalities  with  population  varying  from  600  to  5000  in  each. 
The  mimicipal  council  (controlling  local  expenditure)  consists  of  a 
reeve  and  four  or  six  councillors,  half  of  whom  are  elected  for 
one  year,  and  the  remainder  for  two  years.  Mimicipal  organi- 
zation is  very  similar  to  that  of  Ontario.  Local  expenditures, 
including  those  for  road  construction  and  maintenance,  are  alto- 
gether imder  municipal  control. 

In  respect  to  road  construction,  mimicipalities  are  assisted 
by  the  provincial  government  by  direct  grant  in  a  few  cases 
and  by  operation  of  the  good  roads  act,  achninistered  by  a  good 
roads  board  of  which  the  provincial  highway  commissioner  is 
chairman.  Expenditures  under  the  good  roads  act  are  made 
under  the  dkection.of  engineers  of  the  provincial  department 
and  in  conformity  with  well-defined  road  systems,  approved  by 
the  board,  within  the  mimicipalities  operating  imder  the  act. 
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The  general  features  of  the  good  roads  act  are  as  follows: 

1.  The  municipal  council  must  initiate  the  scheme  of  im- 
provement. 

2.  The  municipal  coimcil  must;  by  resolution,  submit  the 
scheme  of  improvement  to  the  good  roads  board  for  its  approval. 

3.  The  scheme  is  then  examined  and  reported  upon  to  the 
board  by  an  engineer  of  the  department. 

4.  If  the  board  approves  of  the  scheme,  such  approval  and 
decision  is  then  reported  through  the  minister  of  public  works 
to  the  lieutenant-govemor-in-coimcil,  for  his  approval. 

5.  The  approval  of  the  lieutenant-govemor-in-coimcil  having 
been  obtained,  the  secretary-treasurer  of  the  municipality  is 
notified  and  the  municipal  council  may  then  proceed  with  the 
scheme. 

6.  When  the  improvement  has  been  carried  out  to  the  satis- 
faction of  the  department  engineer,  the  municipality  will  then 
receive  the  assistance  prescribed  in  the  act,  namely:  for  earth 
roads,  one-third  of  the  cost;  for  gravel  roads  or  any  form  of  road 
more  permanent  than  earth,  one-half  of  the  cost;  for  timber 
structures,  one-third  of  the  cost  and  for  permanent  structures 
one-half. 

7.  A  vote  of  the  taicpayers  adopting  any  proposed  scheme  of 
road  improvement  is  required  only  in  such  cases  where  the  cost 
of  such  improvement  is  to  be  defrayed  from  a  sale  of  a  debenture 
issue  for  that  purpose. 

The  good  roads  act  also  provides  for  assistance  towards  the 
cost  of  structures  on  roads  not  under  the  act,  to  the  amount  of 
one-third  of  the  cost  of  timber  structiures  costing  $500  or  more 
and  one-half  the  cost  of  permanent  structures  costing  $200  or  more. 

The  expenditure  in  the  Province  in  1916  was  as  follows:  Mimic- 
ipal  expenditure  alone,  about,  $900,000;  under  good  roads  act, 
$350,640;  total,  $1,250,640. 

Hie  former  expenditure  has  been  made  solely  under  the  direction 
of  the  municipal  councils.  It  would  be  difficult  to  approximate 
the  real  value  of  this  work  or  to  give  an  idea  of  what  it  stood  for 
in  constructed  road  mileage.  In  very  few  instances  is  there  a 
well-defined  policy  or  system  being  followed.  The  work  per- 
formed is  more  in  the  way  of  repairs,  constructing  smidi  structures, 
and  relieving  the  more  emergent  and  pressing  needs. 

Towards  the  expenditure  of  $350,640  incurred  during  1916 
under  the  good  roads  act,  the  provincial  government  contributed 
$147,823.  This  work  is  carefully  carried  out  imder  the  super- 
vision of  the  engineers  of  the  board,  along  approved  methods 
of  modem  road  construction.  The  services  of  the  engineers 
are  given  to  the  municipalities  free  of  any  charge. 


206  AUBICAN  maHWAT  ASSOCIATION 

Ontario 

Road  mileage,  55,000. 

The  Province  of  Ontario  has  a  department  of  public  highways 
in  charge  of  a  deputy  minister,  chief  engineer  and  staff,  with  a 
considerable  range  of  duties,  both  educational  and  constructional. 
The  collection  of  motor  vehicle  Ucenses  is  a  branch  of  the  high- 
ways department,  from  which  a  revenue  of  1640,000  was  re- 
ceived for  1916. 

Of  the  total  road  mileage  (55,000  miles)  about  20,000  miles 
are  merely  well-graded  ei^h  roads;  about  22,000  miles  have 
been  more  or  less  satisfactorily  surfaced  with  gravel  or  stone; 
while  the  remainder,  13,000  miles,  are  little  used  and  unimproved. 

Southern  Ontario  is  the  most  densely  occupied  portion  of 
Canada  where,  in  an  area  of  about  40,000  square  miles,  there  is  a 
population  of  about  2,500,000,  one-half  of  which  is  urban  and 
the  other  half  rural.  In  the  southern  and  populous  portion,  which 
is  chiefly  agricultiu'al,  there  is  an  annual  mimicipal  expenditure 
on  roads  in  the  open  coxmtry  of  about  1,000,000  days  statute 
labor  and  $2,000,000  in  cash,  annually;  while  the  Province  spends 
about  $1,500,000  annually  through  three  channels  viz.: 

1.  Subsidies  to  leading  market  and  main  roads  in  southern 
Ontario. 

2.  A  special  appropriation  of  $5,000,000  on  trunk  colonization 
roads  in  northern  Ontario. 

3.  Minor  colonization  roads  in  northern  Ontario. 

Owing  to  the  strong  claims  of  agricultural  communities,  the 
assistance  given  by  the  provincial  government  to  the  better  class 
of  construction  in  southern  Ontario  has  been  largely  confined  to 
subsidizing  the  leading  market  roads  in  each  county. 

Ontario  has  both  township  and  county  organization.  Town- 
ship councils  are  elected  annually,  and  the  reeve  of  each  township 
(town  and  village)  is,  ex-ofl5cio,  a  member  of  the  county  coimcil. 
Township  councils,  primarily,  have  control  of  all  the  roads,  but 
a  county  council  is  authorized  to  take  over  from  the  townships 
the  leading  roads  of  the  coimty  for  construction  and  maintenance. 
To  this  s]^tem  of  county  roads,  the  provincial  government  con- 
tributes 40  per  cent  of  the  cost  of  construction,  and  20  per  cent 
of  the  cost  of  maintenance.  Two-thirds  of  the  counties  are 
operating  under  this  plan  with  good  results,  and  to  the  present 
time,  a  total  of  over  $6,750,000  has  been  spent  on  the  work.  It 
is  anticipated  that  the  remainder  of  the  Province  will  adopt 
county  systems  in  a  very  short  time. 

Under  new  legislation  for  main  roads,  more  attention  will  be 
given  to  the  development  of  certain  trunk  lines,  for  which  there 
is  a  growing  demand. 
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A  main  road  is  interpreted  as  one  running  directly  between 
two  important  terminal  points  or  cities,  and  passing  through 
a  series  of  municipalities.  Such  series  of  municipalities  may 
petition  the  highways  department  for  construction  as  a  main 
road;  and  if  the  petition  is  endorsed  by  three-quarters  of  the 
municipaUties  afiFected,  the  department  will  make  surveys,  pre- 
pare specifications  and  appoint  a  special  board  of  commissioners 
to  take  charge  of  the  construction  and  maintenance  of  the  road. 
The  cost  in  the  engineer's  report  is  apportioned  among  the  muni- 
cipalities benefited  (the  government  contributing  40  per  cent); 
and  the  commissioners  then  act  as  a  coini}  of  revision  to  hear  the 
appeal  of  any  parties  affected  as  to  the  engineer's  apportionment 
of  the  cost.  The  commission  may  confirm  or  revise  the  engineer's 
report,  and  unless  a  majority  of  the  municipaUties  then  petition 
against  the  work,  the  commission  is  authorized  to  proceed  with 
construction. 

At  the  present  session  of  the  Legislature  a  bill  will  be  con- 
sidered providing  for  the  construction  and  maintenance  of  a 
system  of  highways,  under  the  direct  control  of  the  provincial 
department,  the  Province  to  contribute  70  per  cent  of  the  cost 
and  the  remainder  to  be  levied  on  the  local  municipalities.  For 
roads  immediately  adjacent  to  cities  of  over  10,000  population, 
the  city  will  be  required  to  contribute  30  per  cent  of  the  cost;  such 
suburban  roads  thus  being  paid  for  in  the  ratio  of  30  per  cent 
by  the  city,  30  per  cent  by  the  township  and  40  per  cent  by  the 
province. 

It  will  thus  be  seen  that,  in  the  Province  of  Ontario,  a  three- 
fold classification,  very  desirable  in  road  organization,  is  being 
evolved  in  the  following  manner: 

1.  Main  or  trunk  roads  to  be  constructed  and  maintained  by 
the  provincial  department  of  public  highways,  or  in  some  cases 
by  special  commissioners  under  the  guidance  of  the  provincial 
highway  department;  the  cost  of  the  latter  to  be  met  by  provincial 
subsidy  and  direct  assessment  on  cities  and  rural  mimicipaUties 
benefited. 

2.  Leading  market  roads,  to  be  under  the  control  of  county 
councils,  subject  to  regulations  and  inspection  of  the  provincial 
authorities;  the  cost  to  be  met  by  provincial  subsidy  and  county 
levy  on  all  assessible  property'  within  the  county,  including  cities. 

3.  Local  feeders,  to  be  imaer  the  control  of  township  councils, 
and  at  the  expense  of  the  township. 

New  Brunsmck 

Road  mileage,  14,000. 

The  department  of  public  works  consists  of  two  divisions, 
roads  and  bridges.     The  minister  of  public  works  is  the  head 
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of  the  department  and  the  provincial  road  en^eer  is  the  road 
authority. 

There  are  15  counties  in  the  province,  and  in  each  county 
there  is  appointed  a  road  inspector.  The  cotmties  are  sub- 
divided into  146  parishes,  and  each  parish  assesses  for  road  pur- 
poses at  the  rate  set  down  in  the  road  laws.  The  highway  act 
of  1913  and  an  amendment  in  1915  are  in  force.  The  taxes 
may  be  paid  in  cash  or  worked  out  in  statute  labor.  When  neces- 
sary the  parishes  are  again  divided  into  road  divisions,  and  a 
road  supervisor  placed  in  charge  of  the  roads  in  each  division. 
A  division  is  never  larger  than  the  parish.  The  administration 
is  a  strictly  government  one. 

The  government  subsidizes  each  road  division  annually,  but 
there  is  no  established  rate  of  subsidy.  Generally  the  poorest 
divisions  are  allotted  the  most.  The  government  expenditure 
in  1916  was  about  $215,000.  All  the  expenditures  are  made  by 
the  road  supervisors,  who  submit  sworn  statements  to  the  govern- 
ment, and  individual  checks  are  issued  for  government  expendi- 
tures and  orders  on  the  coimty  treasurers  for  municipal  expen- 
ditures. 

Nova  Scotia 

Road  mileage,  18,000. 

The  rural  part  of  the  Province  has  county  organizations,  18 
in  all.  In  18^  the  municipalities  had  full  control  of  the  roads  and 
bridges  but  neglected  them,  and  the  provincial  government 
enacted  various  laws;  first  taking  over  the  construction  of  the 
larger  bridges;  then  the  maintenance  of  larger  bridges;  then  the 
construction  and  repair  of  smaller  bridges;  and  finaUy  the  main- 
tenance of  highways  to  a  great  extent. 

In  1908,  a  provincial  commissioner  of  highways  was  appointed, 
an  office  imder  the  commissioner  of  public  works. 

Expenditure  under  the  provincial  highway  commission  in 
1916  was  approximately  as  follows:  For  highway  structures  of 
permanent  material  out  of  capital  (not  included  with  larger 
bridges),  $147,902;  for  construction  and  maintenance  of  highways 
including  smaller  bridges,  out  of  capital,  $54,305;  for  construction 
of  larger  bridges  out  of  capital,  $113,565;  total,  outof  capital,  $315,- 
772.  For  construction  and  maintenance  of  highways,  including 
smaller  structures  and  repairs  to  larger  bridges,  out  of  revenue, 
$216,723.    Total  expenditure,  $532,495. 

The  total  amount  of  revenue  for  the  last  fiscal  year  from  auto- 
mobUe  licenses  was  $32,870,  and  is  set  apart  specifically  for  road 
purposes.  An  amount  of  about  $250,000  is  assessed  annually 
by  the  municipalities  imder  the  Statute  Labor  Law,  and  the 
expenditure  is  under  the  control  of  the  oounty  authorities. 
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In  carrying  on  the  work  of  the  provincial  department,  countiea 
are  separated  into  districts  for  provincial  highway  expenditure, 
and  over  each  district  is  placed  a  provincial  inspector,  there  being 
39  inspectors  in  all.  It  is  the  duty  of  each  inspector  to  send  to 
the  provincial  highway  commissioner,  yearly,  a  report  of  road  im- 
provement required,  with  an  estimate  of  the  cost.  When  such 
report  and  estimate  have  been  approved  by  the  provincial  depart- 
ment, it  is  the  duty  of  the  inspector  to  organize  and  carry  on  the 
work  and  to  return  pay  rolls  to  the  provincial  department. 

The  Province  up  to  the  present  has  very  little  but  earth  roads. 

Prince  Edward  Island 

Road  mileage,  3,800. 

The  Province  is  not  divided  into  municipalities,  and  all  the 
roads  are  maintained  directly  by  the  provincial  department  of 
public  works. 

Each  school  district  is  constituted  a  road  district,  of  which 
there  are  470  in  the  province,  clear  of  the  incorporated  towns, 
with  an  average  of  about  8  miles  of  road  in  each.  Each  road 
district  is  presided  over  by  a  road  master  who  collects  and  ex- 
pends the  road  tax  in  his  district  and  has  charge  of  all  work  in 
it.  A  road  machine  and  operator  are  placed  at  the  service  of 
each  eight  road  masters. 

The  soil  of  the  province  is  a  sandy  loam  and  about  90  per  cent 
of  the  roads  are  earth  roads  maintained  by  road  machinery. 
The  right-of-way  is  in  general  40  feet  wide  and  the  roadbed 
18  feet. 

The  total  amoimt  expended  on  roads  in  this  Province  is  about 
$50,000  per  annum,  equal  to  about  $13  per  mile. 

Qitebef^ 

In  the  Province  of  Quebec,  local  municipalities,  according 
to  the  municipal  code,  look  after  the  making  and  maintenance 
of  roads.  This  does  not  mean  that  all  the  roads  of  the  munici- 
palities are  built  and  maintained  directly  by  the  local  council. 
Practically,  it  is  the  contrary  that  exists. 

Maintenance  of  Earth  Roads. — ^Excepting  certain  municipali- 
ties in  the  eastern  townships,  roads  in  local  municipaUties  are 
maintained  by  each  land  owner,  and  are  subject  only  to  a  gen- 
eral supervision  by  the  cotmcil  (in  certain  exceptional  cases, 
the  county  councils  build  or  maintain  certain  roads). 

^  Contributed  by  Hon.  B.  Michaud,  Deputy  Miniit«r  of  Highways  ol 
the  province  of  Quebec,  Montreal,  P.  Q. 
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The  government  of  the  Province  of  Quebec,  though  anxious 
to  improve  the  system  of  road  maintenance,  has  respected  the 
autonomy  of  local  municipalities  and  has  taken  no  coercive 
action  thereon,  but,  in  order  to  induce  the  local  municipalities 
to  give  up  the  system  of  maintenance  by  the  land  owner,  it  has, 
in  1908,  decided  to  grant  an  annual  subsidy  to  local  municipalities 
taking  at  their  own  charge  the  maintenance  of  their  roa<)s.  Up 
to  December,  1916,  out  of  the  1100  municipalities  of  the  Prov- 
ince, 498  had  taken  the  government's  offer. 

The  subsidy  is  equal  to  the  expenditure  incurred  in  one  year 
for  the  maintenance  of  siunmer  roads,  the  maximum  of  each 
subsidy  varying  from  $100  to  $400,  according  as  it  may  be  paid 
either  to  a  village,  parish,  or  township  municipality,  or  to  any 
of  them,  merely  for  the  maintenance  of  by-roads  or  for  the  main- 
tenance of  all  the  roads  within  their  limits.  All  the  expenditure 
is  controlled  and  the  accounts  audited  by  the  department  of 
roads,  which  also  inspects  the  roads  under  maintenance  in  order 
to  ascertain  that  the  municipalities  derive  the  greatest  profit 
possible  from  the  subsidies  granted. 

The  department  of  roads,  since  three  years,  has  added  new 
conditions  to  those  already  set  forth  in  the  act,  namely: 

(a)  The  obligation  for  the  municipality  to  have  a  road  grader 
and  split-log  drags. 

(b)  The  obligation  for  the  mimicipality  to  spend  each  year, 
out  of  its  appropriation  for  earth  roads,  a  certain  amount  towards 
permanent  work,  such  as  digging  ditches,  removing  boulders, 
reshaping  the  road,  cutting  knolls,  etc. 

Surfaced  Roads. — As  far  back  as  1908,  the  government  has 
granted  subsidies  equal  to  $1000  a  year  for  macadam  and  $500 
a  year  for  gravel,  in  the  proportion  of  50  or  40  per  cent  of  the 
amoimt  expended  by  each  municipality.  Besides,  one-half 
of  the  amount  expended  for  the  operation  of  the  machinery 
was  refunded. 

However,  the  scope  of  the  act  has  been  extended  and  in  several 
instances  subsidies  exceeding  $1000  are  granted.  As  a  matter 
of  fact,  50  or  40  per  cent  of  the  whole  amoimt  expended  for  the 
macadamizing  or  graveling  of  a  given  stretch  of  road  is  granted. 

Loans  for  Municipal  and  Provincial  Roads. — ^In  1912,  without 
giving  up  the  system  of  the  50  per  cent  grant,  the  government 
secured  authorization  from  the  legislature  to  borrow  $10,000,000 
and  to  give  to  the  local  mimicipalities  allocations  sufficient  to 
cover  the  whole  cost  of  the  work  done  by  them  in  gravel  or  in 
macadam.  In  1915,  the  amount  was  increased  to  $15,000,000. 
Out  of  this  $15,000,000,  the  government  has  carried  out  two 
plans:  First,  it  has  allocated,  as  already  said,  certain  sums  to 
local  mimicipalities  for  macadamizing  or  gravelling.  Second, 
it  has  employed  a  certain  part  of  the  $15,000,000  for  the  build- 
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ing  of  tnrnk  roads  between  important  centers  of  the  province. 
The  other  part  of  the  $15,000,000  has  been  allocated  to  the 
municipalities  in  the  following  manner:  The  government  bor- 
rows the  money,  then  it  hands  over  to  the  mimicipalities  such 
amoimts  as  required,  according  to  estimates  drawn  up  by  the 
department  of  roads.  The  only  obligation  assumed  by  the 
municipality  is  to  pay  to  the  government  an  annual  interest  of 
2  per  cent,  diu-ing  41  years,  on  the  amoimt  allotted,  the  balance 
of  the  interest  and  the  sinking  fimd  being  paid  by  the  govern- 
ment.  During  the  last  session,  the  $15,000,000  have  been  in- 
creased to  $20,000,000,  but  the  interest  to  be  paid  by  mimicipali- 
ties on  the  money  granted  out  of  the  $5,000,000,  will  be  3  per 
cent.  Of  course,  all  work  and  expenditure  is  controlled  by  the 
department  of  roads. 

Progress. — Since  1912,  the  government  has  built  five  provin- 
cial roads,  namely:  the  Montreal-Quebec  road,  the  Montreal- 
Rouse's  Point  road,  the  Chambly  road,  from  Victoria  Bridge, 
Chambly,  and  then  to  St.  Johns,  P.  Q.;  the  Sherbrooke-Derby 
line  road,  and  the  Levis-Jackman  road,  covering  over  300  miles 
in  all. 

Since  1911,  there  has  been  built  in  the  province,  imder  the 
control  of  the  department  of  roads,  1279  miles  of  macadam, 
and  568  miles  of  gravel  roads,  in  all  1847  miles  of  improved  roads. 
In  these  figures,  are  included  the  300  miles  of  trunk  roads  above 
referred  to. 

The  department  of  roads  owns  57  complete  outfits  for  the 
construction  of  macadam.  These  outfits  are  lent  or  rented  to 
the  municipalities.  Besides,  it  owns  a  certain  number  of  tractors, 
portable  engines,  etc.,  which  are  employed  by  the  department 
of  roads  for  direct  construction.  Aside  from  the  government's 
outfits,  about  150  outfits  are  owned  by  municipalities.  They 
have  been  paid  with  the  money  allotted  by  the  government  to 
those  municipalities  out  of  the  $10,000,000  referred  to  above. 

The  department  of  roads  has  a  well  equipped  laboratory  for 
the  testing  of  road  materials. 

Maintenance  of  Surfaced  Roads. — ^A  special  act  has  been 
passed  during  the  last  session  (1916)  providing  for  the  mainten- 
ance of  provincial  roads  directly  by  the  government  with  the 
financial  aid  of  the  interested  municipalities,  and  for  the  main- 
tenance of  macadam  or  gravelled  roads  built  by  the  municipali- 
ties, with  the  aid  of  the  government.  In  the  latter  case,  the 
mimster  of  roads  has  the  right,  in  case  of  neglect  from  a  munici- 
pality, to  order  the  repair  or  maintenance  work  to  be  done  under 
his  supervision,  at  the  expense  of  the  municipality.  The  money 
required  for  the  carrying  out  of  this  act  will  be  taken  out  of  the 
ordinary  annual  appropriation,  which,  at  the  last  session,  hai 
been,  for  that  purpose,  raised  from  $250,000  to  $300,000. 
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Atistria^Hungary 

The  roads  in  Austria-Hungary  are  divided  into  four  administra- 
tive classes,  namely;  government  roads,  provincial  roads  (desig- 
nated county  roads  in  Hungary),  district  roads,  and  town  roads 
(desi^iated  parish  roads  in  Hungary).  The  government  roads, 
of  which  there  are  10,008  miles  in  Austria  and  5600  in  Hungary, 
are  constructed  and  maintained  at  the  expense  of  the  imperial 
government,  which  has  complete  supervision  over  construction 
and  maintenance.  The  provincial  roads  in  Austria,  of  which  there 
are  2288  miles,  and  county  roads  in  Himgary,  of  which  there  are 
17,400  miles,  are  constructed  and  maintained  at  the  expense  of  the 
province  or  county,  the  imperial  government  contributing  in  some 
cases.  The  district  roads,  of  which  there  are  39,212  miles  in 
Austria  and  8100  miles  in  Hungary,  are  coustructed  and  main- 
tained by  the  districts,  except  that  very  poor  districts  are  aided 
by  the  province  or  the  county.  The  town  roads,  of  which  there  are 
22,756  miles  in  Austria,  and  the  parish  roads,  of  which  there  are 
700  miles  in  Himgary,  are  local  roads  and  are  paid  for  by  the 
town  or  P&rish,  the  province  or  county  occasionally  aiding  by 
grants.  The  total  mileage  of  all  roads  in  Austria  was  74,265 
miles  in  1909,  and  in  Hungary  31,800  miles  in  1910.  The  average 
cost  of  maintenance  in  Austria  is  given  at  about  $311  per  mile  per 
annum,  and  in  Hungary  $282,  exclusive  of  bridges.  In  both  Aus- 
tria and  Hungary  the  general  government  has  general  supervision 
over  all  roads.  In  Austria  the  road  administration  is  under  the 
ministry  of  the  interior,  under  which  there  are  district  engineers, 
each  in  charge  of  74}  miles  of  road.  Under  each  of  the  district 
engineers  are  three  road  masters,each  having  about  24.9  miles  of 
road,  and  these  in  turn  supervise  the  actual  road  workers  or  patrol- 
men, each  of  whom  has  about  2.9  miles  of  road  to  maintain.  There 
are  in  all  about  4000  men  employed  on  the  Austrian  government 
roads.  The  Hungarian  road  system  is  similar  and  employs  about 
2500  men. 

Denmark 

The  roads  of  Denmark  are  divided  into  main  roads,  of  which 
there  were  4213  miles  in  1910,  and  local  roads,  of  which  there  were 
22,505  miles  in  1910,  or  a  total  of  26,718  miles.  The  main  roads 
are  maintained  at  the  expense  of  the  counties,  of  which  there  are 
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twenty-one  in  the  kingdom,  and  the  local  roads  are  maintained  at 
the  expense  of  the  parishes,  which  are  sub-divisions  of  the  comi- 
ties. There  is  a  general  superintendent  of  highways  who  has 
supervision  over  aU  the  highways  in  the  kingdom.  The  direct 
supervision,  however,  is  by  the  counties  for  main  roads,  and  by 
parishes  for  local  roads.  The  government  does  not  grant  money 
ud.  The  principal  roads  in  the  kingdom  are  maintained  by  a 
patrol  system,  under  which  each  patrolman  has  charge  of  about 
2}  miles  of  road.  The  cost  of  construction  varies  widely,  ranging 
from  about  $1300  to  about  $8700  per  mile,  the  character  of  con- 
struction being  usually  either  gravel  or  macadam. 

Oreat  Britain  and  Ireland?- 

England  and  Wales. — ^The  total  mileage  of  roads  and  streets 
in  1913-14  was  152,085.  Of  this  total,  33,624  miles  were  in  urban 
areas,  and  the  total  expenditure  on  maintenance  and  improve- 
ments, other  than  out  of  loans  but  including  loan  charges,  was 
£10,983,762,  an  average  of  £152  per  mile.  The  mileage  in  rural 
areas  was  118,461  and  the  expenditure  thereon  £5,718,407.  In 
the  rural  areas,  23,833  miles  were  classified  as  main  roads,  and 
the  expenditure  on  these  roads  per  mile  was  £122.  The  mileage 
of  roads  other  than  main  roads  in  rural  areas  was  94,628  and  the 
expenditure  per  mile  averaged  £26.  The  roads  and  streets  in 
England  and  Wales  are  maintained  by  1,891  local  authorities. 
The  78  large  towns  (coimty  boroughs)  maintain  10,304  miles. 
The  30  London  authorities  maintain  2,216  miles,  and  the  remain- 
ing mileage  is  maintained  by  62  coimty  councils,  248  non-county 
boroughs  (the  sioaller  towns),  812  urban  districts  and  661  rursJ 
districts.  The  mileage  of  main  roads  maintained  by,  or  at  the 
cost  of,  the  62  coimty  coimcils  is  28,199.  The  cost  of  mainte- 
nance is  provided  for  by  rates  on  property  levied  by  the  local 
authorities,  with  some  assistance  from  the  central  government 
in  the  form  of  (a)  assigned  national  revenues  and  (bj  exchequer 
grants.  Loans  raised  for  highway  purposes  are  subject  to  the 
sanction  of  the  Local  Government  Board,  which  fixes  the  num- 
ber of  years  within  which  they  shall  be  repaid.  As  regards  im- 
provements, the  highway  authorities  in  England  and  Wales,  in 
common  with  Scotland  and  Ireland,  also  receive  some  assistance 
from  the  road  improvement  fund  administered  by  the  Road 
Board,  for  which  see  below. 

Scotland. — ^In  Scotkuad,  the  system  of  administration  differs 
in  many  points  from  England  and  Wales.  It  is  embodied  mainly 
in  the  road  and  bridges  (Scotland)  act,  1878.    Outside  the  205 

^Reriaed  by  W.  Rees  Jeffreys,  Seoretary,  The  Road  Board,  Londom 
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burghs,  the  roads  are  vested  in  33  county  councils  and  are  main- 
tained by  them  through  99  district  committees.  The  total  mile- 
age of  roads  in  Scotland  is  24,908,  of  which  22,664  were  main- 
tained by  the  county  councils  in  1913-14  at  a  cost  of  £850,965, 
and  2,244  by  the  burg^  councils  at  a  cost  of  £559,541.  These 
figures  include  expenditure  on  improvement  and  loan  charges, 
but  not  expenditure  out  of  loans.  Although,  as  in  England  and 
Wales,  the  cost  of  the  maintenance  of  roads  is  provided  by  the 
local  authorities  out  of  local  rates,  with  some  assistance  from  the 
imperial  exchequer,  the  system  of  assessment  differs  from  that 
of  England  and  Wales.  Burgh  authorities  in  Scotland  do  not 
require  the  assent  of  any  authority  to  the  raising  of  loans  for  high- 
way purposes.  The  county  coimcils  require  the  approval  of 
the  standing  joint  committee,  which  is  a  coimty  authority. 

Ireland. — ^In  Ireland,  the  system  of  road  maintenance  differs 
in  some  important  details  both  from  England  and  Scotland.  Ire- 
land has  a  very  large  mileage  of  road  in  relation  to  its  area  and 
population,  the  total  mileage  beii^  58,334.  Outside  the  6  large 
towns  and  the  119  smaller  towns  and  urban  areas,  the  roads  are 
maintained  by  33  county  councils.  Although  the  responsibility 
for  carrying  out  the  work  rests  with  the  county  council  and  the 
coimty  surveyor,  the  control  of  the  expenditure  rests  largely  with 
the  213  rural  district  councils,  whose  consent  to  expenditure  is 
practically  necessary  before  money  can  be  spent  by  the  county 
councils,  even  on  the  main  roads  in  the  county.  In  respect  of 
this  dual  control  over  expenditure,  the  Irish  system  differs  both 
from  the  English  and  the  Scotch.  The  total  expenditure  in 
Ireland  on  roads  in  1913-14  was  £1,178,649.  All  loans  for  high- 
way purposes  require  the  sanction  of  the  Local  Government 
Board  for  Ireland. 

The  Road  Board  of  the  United  Kingdom. — ^The  only  highway 
authority  common  to  the  three  countries  is  the  Road  Board, 
established  in  1910,  which  makes  contributions  towiards  approved 
schemes  of  improvement.  The  income  of  the  Road  Board  for 
the  year  ended  March  31,  1915,  was  £1,620,974,  but  in  August, 
1916,  the  revenue  of  the  road  improvement  fund  was  retained 
in  the  exchequer  for  the  purposes  of  the  war,  and  the  grants 
since  made  and  promised  to  local  authorities  have  been  of  a 
very  limited  character,  and  chiefly  for  the  purposes  of  preserv- 
ing important  roads  by  tar  treatment  from  deterioration.  These 
payments  have  been  made  out  of  the  accumulated  funds  of  the 
Board,  which  on  March  31,  1916,  amounted  to  £2,507,665,  ex- 
clusive of  grants  promised  at  that  date.  Between  the  outbreak 
of  war  and  June  30,  1916,  works  on  public  roads  required  for  mili- 
tary purposes  have  been  carried  out  under  the  supervision  of 
the  Road  Board  to  a  total  of  £1,051,131,  to  which  the  War  Office 
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contributed  £774,631,  the  Admiralty  £22,197,  and  the  Ministry 
of  Munitions  £28,001,  the  balance  being  paid  by  the  Road  Board 
and  the  highway  authorities. 

France 

The  roads  of  France  aggregate  519,148  miles  and  are  divided 
into  the  following  classes:  national  roads  23,756  miles;  department 
roads  8,161  miles;  vicinal  roads,  sub-divided  into  roads  of  through 
travel  107,049  miles,  and  roads  of  common  interest  47,266  miles 
(the  roads  of  these  two  latter  classes  traversing  several  conmiunes 
or  towns),  ordinary  vicinal,  which  are  located  within  a  single 
commune,  177,550  miles;  rural  roads,  which  are  unimportant 
neighborhood  roads  155,376  miles.  It  is  estimated  that  the 
national  roads  cost  S12,400  per  mile  for  construction  and  $286  per 
annum  for  maintenance;  the  department  roads  $7750  per  mile 
for  construction  and  $166  per  annum  for  maintenance;  the  vicinal 
roads  of  through  travel  $6200  per  mile  for  construction  and  $121 
per  annum  for  maintenance;  the  vicinal  roads  of  common  interest 
$3750  per  mile  for  construction  and  $102  per  annum  for  maintenance ; 
the  ordinary  vicinal  roads  $2470  per  mile  for  construction  and  $49 
per  annum  for  maintenance.  The  national  roads  are  constructed 
and  maintained  entirely  at  the  expense  of  the  national  government, 
which  also  aids  by  subsidies  to  a  small  extent,  the  vicinal  roads. 
The  departments  maintain  the  department  roads.  The  national 
government  has  general  jurisdiction  over  all  transportation  facili- 
ties and  direct  supervision  over  the  national  roads,  which  are 
administered  by  the  corps  of  bridges  and  roads  in  the  ministry  of 
public  works.  The  corps  of  bridges  and  roads  is  divided  into 
three  divisions,  of  which  roads  and  navigation  form  one. 

The  division  of  roads  and  navigation  is  imder  the  direction  of 
a  counselor  of  state  and  is  divided  into  two  sections,  namely: 
bridges  and  roads,  and  navigation.  The  section  of  bridges  ana 
roads  is  divided  into  two  bureaus,  one  of  which  has  entire  charge 
of  the  national  roads,  and  the  other  has  jurisdiction  over  all  mat- 
ters relating  to  dei)artment  roads,  automobile  tridBSc  and  general 
police  regulation.  The  sections  and  bureaus  and  the  higher  field 
inspection  are  under  the  direction  of  inspectors  general.  Each 
of  the  inspectors  general  of  the  second  class  have  charge  of  a  large 
field  division  and  under  him  engineers  in  chief,  usually  one  to  each 
department,  while  under  these  engineers  in  chief  are  ordinary  en- 
gineers and  under  them  are  sub-engineers  and  conductors  or  fore- 
men and  finally  the  patrolmen  who  work  directly  and  constantly 
on  maintenance,  each  having  a  section  of  road  varying  m  length, 
but  averaging  about  2.8  miles.  There  were  8560  patrolmen  em- 
ployed in  1909  on  the  national  roads.    The  engineers  for  the  French 
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road  service  are  trained  in  the  School  of  Roads  and  Bridges  at 
Paris  and  are  appointed  upon  graduation  to  the  lower  positions 
and  gradually  advanced  to  positions  of  responsibility. 

The  annual  expenditure  on  the  public  roads  of  France  is  about 
$48,000,000.  The  national  government  appropriated  in  1910, 
$9,720,000  for  the  national  roads.  It  b  estimated  that  the  total 
cost  of  the  entire  French  road  system,  excluding  the  unimportant 
neighborhood  roads,  is  upwards  of  $1,663,000,000. 

Germany 

The  imperial  government  of  the  German  Empire  takes  no  part 
in  the  construction  or  maintenance  of  public  roads.  Each  state 
in  the  Empire  follows  its  own  pohcy  in  this  matter. 

As  a  general  rule  the  roads  in  the  various  states  are  divided  into 
three  classes:  state  or  provincial  roads;  county  roads,  and  local 
roads.  The  state  roads  are  generally  built  and  maintained  by  the 
state,  which  maintains  a  corps  of  competent  engineers.  The  larger 
states  usually  divide  their  road  systems  into  districts,  the  engineers 
in  charge  of  the  districts  reporting  directly  to  the  central  office. 
The  patrol  system  is  quite  generally  followed,  each  patrolman  hav- 
ing from  2  to  6  miles  of  road  to  maintain.  Their  compensation 
is  from  $150  to  $250  per  annum.  At  the  end  of  thirty  years  serv- 
ice, or  if  sooner  incapacitated,  they  are  entitled  to  a  pension. 

Prussia  takes  no  direct  part,  however,  in  the  maintenance  of 
roads.  The  state  roads  were  turned  over  to  the  provinces  in  1875 
and  some  of  the  provinces  in  turn  passed  them  on  to  the  counties. 
The  general  government  grants  aid  to  the  provinces  by  certain 
allowances  from  the  "donation  fund." 

The  largest  class  of  improved  roads  in  the  German  Elmpire  is 
that  of  the  county  roads  which  are  very  largely  maintained  by 
local  taxation.  The  states  and  provinces,  however,  exercise  close 
supervision  over  these  roads.  The  parish  roads  are  purely  local 
and  are  maintained  and  managed  by  the  parishes,  although  occa- 
sionally the  county  and  even  the  province  aid  in  new  construction. 

There  are  approximately  36,000  miles  of  state  road  in  Germany, 
of  which  Prussia  has  20,489  miles,  Bavaria  4200  miles.  Saxony  2267 
miles,  Baden  1890  miles,  Wurttemberg  1710  miles,  and  the  smaller 
states  the  remainder.  Of  county  roads  Prussia  has  38,400  miles 
hard  surfaced,  parish  roads  14,598  miles  hard  surfaced,  and  pri- 
vate roads  1100  miles  hard  surfaced,  or  a  total  of  74,587  miles  of 
improved  roads,  or  1  mile  for  each  1.8  square  mile  of  area.  Prussia 
expends  nearly  $35,000,000  a  year  on  all  roads,  of  which  about 
28  per  cent  is  paid  by  the  provinces,  33  per  cent  by  the  counties  and 
39  per  cent  by  the  parishes.  Under  favorable  conditions  the  cost 
of  construction  of  state  roads  does  not  often  exceed  $5000  per 
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mOe.  In  Hannover  a  considerable  mileage  of  brick  roads  has  been 
oonstructed  at  from  $10,000  to  $13,000  per  mile.  In  the  kingdom 
of  Wtirttemberg  the  cost  of  maintenance  of  state  roads  in  1910 
was  $400  per  mile. 

Italy 

The  roads  of  Italy  aggregated  92,199  miles  in  1910,  and  were 
divided  into  three  classes,  namely,  national  roads,  connecting  im- 
portant cities  and  ports;  connectmg  with  roads  of  other  countries; 
the  Alpine  and  Apennine  roads,  and  those  used  for  military  pur- 
poses, having  a  total  mileage  in  1910  of  5159  miles;  the  provincial 
roads,  connecting  the  chief  town  of  each  province  with  the  chief 
towns  of  other  provinces  and  with  maritime  ports,  having  a  total 
of  27,767  miles;  communal  roads,  which  are  the  roads  of  local  in- 
terest, having  a  mileage  of  59,283  miles.  The  national  roads  are 
constructed  and  maintained  by  the  national  government  through 
the  department  of  public  works.  The  official  in  charge  is  desig- 
nated as  the  director  general  of  brieves  and  roads.  The  pro- 
vincial roads  are  constructed  and  maintained  by  the  provinces, 
while  the  communes  or  townships  provide  for  the  construction  and 
maintenance  of  communal  roads.  The  national  roads  are  main- 
tained by  means  of  the  patrol  system,  each  patrolman  having  an 
average  of  2}  miles  of  road.  It  is  estimated  that  the  cost  of  miun- 
tenance  in  1909-10  was  $274.70  per  mile  per  annum  for  national 
roads,  and  $183.32  per  mile  per  annum  for  provincial  roads. 

Norway 

The  roads  of  Norway  aggregate  17,550  miles  and  consist  of  main 
roads,  6570  miles,  and  district  roads,  10,980  miles.  The  national 
government  contributes  two-thirds  to  three-quarters  of  the  cost 
of  construction  of  main  roads,  while  the  maintenance  of  such 
roads  is,  with  few  exceptions,  a  local  burden.  The  work  is  done 
under  county  engineers  who  are  nominated  by  county  coimcils 
and  appointed  by  the  national  government.  At  the  head  of  the 
whole  system,  however,  is  the  national  road  director.  It  is  esti- 
mated that  the  main  roads  cost  about  $8000  per  mile. 

Rtissia 

There  are  11,254  miles  of  post  roads  in  Russia,  of  which  8326 
miles  are  under  direct  government  control  and  2928  miles  are 
temporarily  under  control  of  district  councils  with  government 
supervision.  The  construction  and  maintenance  of  these  govern- 
ment roads  are  partly  under  the  ministry  of  ways  and  communi- 
cations, and  partly  under  the  war  department.    It  is  estimated 
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that  the  cost  of  construction  of  government  roads  is  from  $S544 
to  $10,874  per  mile,  and  the  maintenance  from  $70  to  $210  per 
mile  per  annum. 

Spain 

There  were  33,873  miles  of  road  in  Spain,  in  1010,  which  were 
classified  as  state  roads  and  provincial  roads.  State  roads  are 
constructed  and  maintained  by  the  general  government  through 
the  department  of  public  works.  Under  this  department  is  a 
director  general,  and  imder  him  a  chief  engineer  for  each  province. 
The  government  also  aids,  by  appropriations,  maintenance  of  pro- 
vincial roads.  The  patrol  system  is  followed  in  the  maintenance 
of  state  roads.  It  is  estimated  that  the  maintenance  of  state 
roads  oosts  between  $230  and  $240  per  mile  per  annum. 

Stoeden 

There  were  35,450  miles  of  road  in  Sweden,  in  1907,  made  up 
of  11,850  miles  of  main  roads  and  23,600  miles  of  district  roads. 
The  main  roads  are  those  which  unite  the  kingdom  with  other 
countries  and  connect  the  large  cities  and  ports.  The  district 
roads  are  those  of  local  importance.  For  the  construction  of  main 
highways,  the  government  pays  two-thirds  and  the  districts  one- 
third  of  the  cost,  while  on  maintenance  of  these  roads,  the  govern- 
ment pays  15  per  cent  of  the  total.  The  royal  board  of  road 
building  and  water  works  has  supervisory  powers  in  road,  railroad 
and  harbor  construction.  The  expenditure  per  mile  of  road,  in- 
cluding all  classes,  was  in  1007,  $60  per  mile. 

Switzerland 

There  were  in  1911,  7426  miles  of  road  in  Switzerland  which 
were  classified  as  federal  aid  canton  roads  built  and  maintained 
by  the  cantons  with  federal  aid,  350  miles;  canton  roads,  built  and 
maintained  by  cantons,  862  miles;  municipal  roads  built  and  main- 
tained by  municipalities  6214  miles.  The  federal  government 
grants  aid  only  to  those  four  cantons  whose  roads  are  of  interna- 
tional character,  the  annual  aid  being  as  follows:  Uri,  $15,440; 
Graubunden,  $38,600;  Tessin,  $38,600;  Valais,  $9650. 

The  department  of  public  works  in  each  canton  supervises  road 
construction  and  maintenance,  while  the  upper  supervision  of  the 
federal  government  is  carried  on  through  the  department  of  the 
interior.  Construction  of  roads  in  Switzerland  is  very  expensive 
on  account  of  the  fact  that  they  are  practically  all  moxmtain  roads. 
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LOCATION,   GRADES,  WIDTHS  AN  DCROSS- 
SECTIONS  OF  RURAL  ROADS 

The  improvement  of  any  road  or  system  of  roads  must  begin 
with  a  study  of  its  location  and  grades,  for  unimproved  roads 
are  often  bad  in  both  respects,  l^e  purpose  of  relocation  is  to 
enable  the  road  to  carry  the  anticipated  traffic  with  the  least 
effort  and  loss  of  time.  It  is  impracticable  to  relocate  all  roads 
and  improve  their  grades  at  the  present  time,  and  hii^way  offi- 
cials must  be  satifified  with  gradually  eliminating  or  at  least 
reducing  the  defective  conditions.  In  order  to  carry  on  this 
work  efficiently,  however,  the  entire  system  of  roads  under  a 
board  or  commission  must  be  studied  as  a  whole,  so  that  the 
whole  body  of  taxpayers  may  be  benefited  as  uniformly  as 
practicable  by  the  work  done  annually.  The  work  should  be 
planned  in  a  broad  way  several  years  in  advance,  if  possible,  for 
it  is  only  in  this  way  that  the  needs  of  all  parts  of  tiie  district  can 
be  met  without  favor  or  prejudice.  This  is  particularly  important 
where  the  needs  are  great,  the  road  funds  meager,  and  property 
has  been  developed  along  locations  where  roads  i^ould  never  have 
been  laid  out.  The  situation  in  such  cases  has  been  summed  up 
as  follows  by  W.  S.  Keller,  State  highway  engineer  of  Alabama: 

The  genuine  bad  roads  cannot  be  maintained  for  the  reason  that  they 
have  never  been  constructed.  The  great  amount  of  work  necessary  to 
keep  them  in  passable  condition  disheartens  the  man  who  is  by  law  com- 
pelled to  work  them.  Until  these  roads  are  relocated,  avoiding  heavy  grades 
and  marshy  bottoms,  sharp  angles  and  useless  twists,  and  are  graded  so 
they  will  have  good  drainage,  we  may  expect  them  to  be  bad. 

Location. — ^It  is  evident  that  the  road  should  be  as  nearly 
straight  between  the  points  it  connects  as  the  configuration  of  the 
country  traversed  wUl  permit.  It  is  desirable,  however,  to  re- 
strict grades  to  6  per  cent  and  to  avoid  expensive  cuts,  fills 
and  bridges.  To  locate  the  road  properly  and  meet  all  local 
conditions  in  the  best  manner  requires  competent  enguieering 
services;  if  they  are  not  obtained  there  is  a  strong  probability 
that  after  the  country  develops  new  locations  must  be  made  to 
meet  the  increased  transportation  needs  and  the  expenditures 
for  new  rights-of-way  will  be  far  greater  than  to-day.  But  if, 
for  the  present,  engineering  services  are  out  of  the  question,  the 
road  authorities  can  at  least  relocate  roads  that  are  plainly  un- 
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necessarily  low  and  marshy  and  unnecessarily  steep  and  high. 
This  is  particularly  the  case  where  roads  have  been  laid  out  on 
the  section  lines  of  the  government  land  surveys.  However 
desirable  the  rectangular  parceling  of  unoccupied  land  may 
have  been  in  attracting  settlers,  it  has  proved  a  heavy  handicap 
on  transportation  by  introducing  many  right-angle  turns  and 
causing  needless  length  in  the  roads  of  these  r^ons.  The  fol- 
lowing comment  on  this  condition  was  made  by  W.  S.  Gearhart, 
State  engineer  of  Kansas: 

A  60-foot  road  on  two  sides  of  a  section  of  land  occupies  14.55  acres, 
while  a  road  60  feet  wide  in  a  diagonal  direction  through  the  section  occu- 
pies 10.28  acres.  Thus  there  is  a  saving  in  the  diagonal  road  of  4.27  acres 
and  0.587  mile  of  distance.  The  saving  in  the  cost  of  right  of  way,  assum- 
ing that  the  land  along  the  section  line  is  as  valuable  as  on  the  diagonal 
line,  is  $85.40  if  the  land  is  worth  only  $20  per  acre.  This  amount  in  most 
cases  would  be  sufficient  to  grade  the  1.413  miles  of  diagonal  line  in  first- 
class  condition.  If  a  man  lives  4  miles  north  and  4  miles  east  of  his  market- 
place he  is  5.657  miles  on  the  diagonal  line  from  it;  that  is,  on  the  section- 
line  road  he  must  travel  4.686  miles  farther  in  making  the  round  trip  than 
on  the  diagonal  line. 

The  same  official  has  reported  that  a  county  commission  built 
a  mile  of  road  on  a  section  line,  which  crossed  the  same  stream 
three  times.  By  adopting  a  somewhat  different  location  and 
making  the  road  1^  miles  long,  the  stream  would  be  crossed  but 
once  and  the  road  become  of  greater  service  to  the  community. 
"More  than  $3,000  worth  of  steel  bridges  were  bought,  it  will 
cost  not  less  than  about  $2,500  for  the  abutments  to  set  these 
three  structures  on,  and  an  expenditure  of  $2,500  will  be  neces- 
sary to  make  the  road  passable,  or  a  total  of  about  $8,000  to 
accommodate  four  men  whose  property  is  reported  as  probably 
not  worth  as  much  as  the  cost  of  the  road."  Instances  of  this 
nature  prove  the  desirability  of  having  roads  located  by  engi- 
neers without  interference  from  political  or  personal  influences. 
The  assertion  that  such  services  are  unnecessary  in  connection 
with  such  relatively  inexpensive  highways  as  dirt  roads  is  best 
answered  by  pointing  to  the  action  of  the  Utah  State  road  com- 
mission in  substituting  an  entirely  new  location  about  15  miles 
long  for  an  old  route  in  Beaver  County.  This  was  done  by  the 
engineers  because  the  new  line  had  better  alignment,  grades  and 
road  materials. 

The  influence  of  soil  conditions  and  the  presence  or  absence  of 
road  materials  may  not  be  given  due  consideration  in  locations 
made  by  persons  who  are  not  engineers.  The  following  comments 
on  this  point  were  made  by  A.  N.  Johnson  in  a  report  on  the  high- 
ways of  Maryland: 
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Should  it  happen  that  two  locations  are  possible  with  about  equal  ad- 
vantages and  disadvantages,  except  that  one  was  over  a  different  soil  from 
the  otner,  that  location  should  be  taken  which  traverses  the  soil  best  cal- 
culated to  insure  a  good  road-bed.  For  example,  if  it  were  possible  to 
avoid  going  through  aclav  section  when  a  more  open  soil  could  be  had 
close  at  hand,  much  would  be  saved  both  in  the  cost  of  construction  and 
in  the  subsequent  maintenance  by  ^oing  over  the  more  open  soil.  It  is 
hardly  necessary  to  state  that  crossmg  soft,  boggy  soil  should  be  avoided 
whenever  the  expense  of  going  around  such  a  place  would  be  no  more  than 
for  crossing  it.  If  possible  it  is  always  well  to  locate  a  road  in  the  vicin- 
ity of  good  road-material,  either  a  suitable  stone  or  gravel,  for  the  prox- 
imity of  such  material  lessens  for  all  time  the  cost  of  maintenance  of  the 
road,  and  when  this  point  is  considered  such  a  location  would  be  war- 
ranted even  at  an  increased  first  cost. 


Pbovilb  of  Road  in  Baltimore  Coxtnty,  Md. 

Showing  How  Relocation  Saved  a  Large  Sum  in  the  Improvement  of  the 

Road. 


Vahie  of  Enffineering  Services. — Few  pNersonB  realize  that  the 
expense  of  engineering  services  in  relocating  old  roads  is  gener- 
ally more  than  offset  by  the  saving  in  the  cost  of  construction 
of  a  properly  located  road  over  one  improperly  located.  The 
engineer  knows  how  to  fit  the  road  to  the  groxmd  in  hilly  country 
60  that  the  material  from  the  cuts  may  be  used  in  making  near- 
by embankments  and  costly  rock  excavation  will  be  reduced  to 
the  lowest  practicable  amount.  On  the  Maryland  State  high- 
waySi  the  expense  of  moving  100  to  150  cubic  yards  of  earth  is 
from  $50  to  $75;  which  is  equal  to  the  cost  of  making  a  mile  of 
careful  surveys  that  may  be  reasonably  expected  to  save  more 
than  150  cubic  yards  of  such  earthwork.  The  accompanying 
illustration  shows  the  saving  in  excavation  expenses  on  a  road  in 
Baltimore  County,  Md.  The  hilly  character  of  the  old  road 
made  necessary  heavy  reductions  in  grade  to  give  a  highway  prop- 
erly accommodating  the  traffic.    The  heavy  cutting  to  give  suit- 
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able  grades  along  the  old  location  is  shown  by  the  diagram, 
while  the  light  excavation  and  filling  required  on  the  new  loca- 
tion is  also  indicated.  Such  savings  of  cost  can  only  be  made  by 
competent  engineers.  The  amount  of  detail  which  the  engineers' 
survey  must  furnish  depends  on  the  character  of  the  road  to  be 
built  and  the  nature  of  the  country.  Less  detail  is  necessary 
for  an  earth  road  in  a  flat  coimtry  than  a  brick  road  in  a  hilly 
district;  for  example,  but  enough  should  be  obtained  to  make 
sure  that  the  final  location  is  along  the  line  on  which  the  cost  of 
transportation  plus  the  interest  on  the  first  cost  plus  the  cost  of 
maintenance  of  the  road  \dll  be  the  minimum  for  the  available 
funds  for  first  cost. 

The  last  point  is  important,  for  the  best  location  is  often  governed 
by  the  amount  of  money  which  can  be  spent  on  construction. 

In  carrying  out  extensive  work  by  contract,  experience  shows 
that  low  bids  from  responsible  contractors  are  best  secured  when 
full  information  is  obtained  for  their  use  in  preparing  estimates. 
For  instance,  in  carrying  out  road  improvements  in  Vermilion 
Coimty,  Illinois,  imder  a  $1,500,000  bond  issue,  about  1800  draw- 
ings of  plans,  profiles  and  crossHsections  were  prepared  in  the 
first  two  months  of  the  work.  These  were  plotted  on  Plate 
A  4  by  20  profile  paper  cut  into  32-inch  lengtl^.  The  longitu- 
dinal scale  of  the  plans  was  80  feet  to  1  inch  and  the  tranverse 
scale  40  feet  to  1  inch.  The  horizontal  scale  of  the  profiles  was 
80  feet  to  1  inch  and  the  vertical  scale  4  feet  to  1  inch.  The 
plans  show  all  section  corners,  bench  marks,  fence  lines,  shade 
trees,  farm  entrances,  property  owners'  names,  drains  and  cul- 
verts to  be  built,  and  any  other  data  necessary  for  a  complete 
knowledge  of  the  working  conditions.  The  cross-sections  are 
plotted  on  a  scale  of  4  feet  to  1  inch.  An  11  by  8i-inch  map  was 
made  of  the  location  of  14  sources  of  sand  and  gravel,  the  plants 
furnishing  paving  brick  and  the  railways  running  from  them  to 
the  district  where  the  roads  were  to  be  buUt,  and  24  by  20-inch  maps 
were  made  showing  the  roads,  railways  and  sidings  available  for 
contractors'  use.  The  existing  road  grades  were  shown  on  small 
maps,  and  other  small  maps  showed  the  location  and  size  of  pro- 
posed bridges  and  culverts. 

Grades. — ^The  effect  of  grades  on  hauling  is  usually  stated  in 
the  following  manner:  If  a  horse  can  pi£  1,000  pounds  on  a 
level  road,  he  can  pull  810  pounds  with  the  same  effort  on  a  2 
per  cent  grade,  720  pounds  on  2\  per  cent  grades,  640  pounds  on 
Z\  per  cent  grades,  540  pounds  on  4  per  cent  grades,  400  pounds 
on  5  per  cent  grades  and  only  250  pounds  on  10  per  cent  grades. 
These  figures  are  only  approximate  but  they  show  the  import- 
ance of  reducing  grades  as  much  as  possible  where  traffic  is  heavy. 
Where  trafBc  is  not  heavy,  the  cost  of  reducing  grades  below  3 
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or  4  per  cent,  if  it  must  be  done  by  expensive  construction  or 
considerable  lengthening  of  the  road,  is  generally  considered  an 
unwarranted  expense. 

A  thoroughly  consolidated  roadbed  is  a  valuable  public  asset 
and  in  planning  grade  improvements  it  is  sometimes  imdesirable 
to  cut  6  to  12  inches  into  such  a  road  for  a  long  distance  in  order 
to  secure  a  theoretically  perfect  profile. 

Where  a  road  will  probably  have  considerable  automobile 
traffic  the  grades  up  a  hill  should  be  flattened  somewhat  at  the 
top  if  necessary,  so  the  driver  can  see  an  approaching  car  when 
it  is  300  feet  from  him.  When  the  change  in  grade  at  the  sum- 
mit is  not  more  than  6}  per  cent,  no  flattening  is  necessary.  If 
the  change  is  10  per  cent  a  vertical  curve  about  200  feet  long 
should  be  employed;  for  a  13  j>er  cent  change,  a  curve  292  feet 
long  and  for  a  16  per  cent  change,  a  curve  360  feet  long. 

Widths. — ^Highway  commissions  in  many  parts  of  the  country 
are  reporting  that  their  roads  are  often  too  narrow  to  accommo- 
date the  traffic  coming  on  them  as  soon  as  they  are  improved. 
State  Highway  Commissioner  Everett  of  New  Hampshire  re- 
ports that  the  standard  width  of  21  feet  from  ditch  to  ditch 
is  not  wide  enough  on  many  of  the  roads  under  his  jurisdiction, 
and  the  experience  of  the  Wayne  County  road  commission,  in 
Michigan,  shows  that  the  minimum  width  of  hard-surface  road- 
way in  the  district  around  Detroit  should  be  16  feet  and  18  feet, 
and  should  be  adopted  wherever  practicable.  These  comments 
relate  to  double-width  roads.  A  width  of  8  feet,  previously  used 
for  single-width  roadways,  is  now  generally  considered  too  nar- 
row and  9  and  10  feet  are  advocate. 

Many  of  the  State  highway  departments  have  established 
standard  cross  sections  for  earth  roads.  The  present  standards 
in  Wisconsin  are  shown  in  the  diagrams  on  the  next  page.  They 
are  also  the  standards  for  macadam  and  gravel  roads  having 
a  hard  surface  9  feet  in  width.  Where  the  slopes  are  not  indicated 
they  are  made  in  accordance  with  the  accompanying  table. 
Guard  rails  are  used  when  the  vertical  distance  from  the  edge 
of  the  shoulder  to  the  top  of  the  ditch  is  more  than  4  feet. 

Slopes  Required  by  Wieconein  Commiesion  in  Road  Work  in  Different 

Kinds  of  Soil 


•OIL 


Sand  and  sandy  gravel 

Loam 

Clay  and  clay  gravels. 

Hard  pan 

Solid  rook 


ALL  CUTB 


2   tol 

Utol 

1    tol 

itol 

As  it  stands 


FILLS  LSMTHAM 
FOUBFSIT 


3  tol 
3  tol 
3  tol 
3  tol 
3  to  1 


FILLS  OTBB  FOUB 


2  tol 
Utol 
Htol 
1  tol 
As  it  stands 
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Standabd  Earth  Road  SscnoNs,  Wisconsiv 
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The  Wisconsin  sections  are  wide  enough  to  carry  a  16-foot 
roadway.  It  is  now  generally  held  that  the  distance  from  ditch 
to  ditch  should  be  24  feet,  even  for  a  single-width  road,  if  local 
conditions  permit.  In  some  States,  where  the  legal  right-of-way 
is  only  30  feet,  it  is  impracticable  to  secure  24  feet  between 
ditches  and  have  proper  fences  and  banks  along  the  road  where 
it  is  in  cuts.  It  is  necessary  to  obtain  extra  wide  rights-of-way 
in  such  cases  or  to  make  the  road  narrow. 

It  has  been  claimed  that  if  a  hard  surface  is  placed  on  a  road- 
bed, the  width  of  this  pavement  need  not  be  so  great  as  when 
the  traffic  is  carried  by  a  less  durable  surface,  and  consequently 
a  smaller  width  between  ditches  and  less  earthwork  are  required. 
This  argtmient  ignores  the  fact  that  a  narrow  roadway  concen- 
trates the  travel  and  may  cause  the  improved  surface  to  carry 
a  volume  of  traffic  for  which  it  is  unsuited.  For  this  reason  9 
and  10  feet  for  a  single-width  surfaced  roadway  and  16  or  18  feet 
for  a  double-width  roadway  are  generally  favored.  In  recent 
years  a  new  factor  has  become  important  in  determining  the  prop- 
er width  of  hard  siufacing.  Heavy  motor  trucks  and  omni- 
buses are  now  in  regular  service  on  many  roads.  If  they  tium 
off  a  hard  surface  on  to  a  soft  shoulder  they  may  become  mired 
or  unmanageable  and  crash  through  fences  or  guard  rails  before 
the  brakes  stop  them.  The  driver  is  usually  on  the  left  hand  of 
such  a  truck  where  he  cannot  easily  see  the  edge  of  the  hard 
paving,  and  consequently  he  keeps  his  truck  well  toward  the 
center  of  the  road  in  order  to  avoid  trouble  on  the  shoulders, 
although  the  driver  of  a  lighter  vehicle  would  keep  farther  over 
to  the  side. 

Where  the  road  is  used  by  carts  or  trucks  that  make  a  loaded 
trip  in  one  direction  only,  as  well  as  in  other  sections  where  funds 
are  not  available  at  present  for  a  double-width  paved  roadway, 
an  8  to  10-foot  pavement  has  been  laid  on  half  the  road,  with  one 
side  along  the  center  line,  as  though  a  similar  pavement  were 
to  be  laid  at  once  on  the  other  side  of  the  road. 

Rights-of-way. — ^The  width  of  the  road  is  restricted  in  the  older 
parts  of  the  coimtry  by  narrow  rights-of-way,  which  are  trouble- 
some limitations  on  road  improvements.  Cuts  and  fills  of  more 
than  a  few  feet  widen  the  strip  occupied  by  the  road,  ditches  and 
side  slopes.  Telephone  poles  and  trees  along  the  road  require 
space,  and  provision  for  both  is  desirable.  As  a  result  of  long 
experience  in  Massachusetts  and  California,  reinforced  by  ob- 
servation in  many  other  States,  Austin  B.  Fletcher,  state  high* 
way  engineer  of  California,  reconmunends  securing  a  minimum  of 
60  feet  for  right-of-way,  and  60  feet  wherever  practicable. 

Acquiring  rights-of-way  is  an  annoying  feature  of  the  work  of 
highway  commissions,  and  in  any  extensive  undertaking  expe- 
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rience  shows  that  the  best  results  are  obtained  if  the  business  is 
handled  by  one  man,  with  whatever  assistance  is  needed.  Dip- 
lomatic methods  are  best  but  legal  warfare  is  sometimes  neces- 
sary, and  whatever  means  must  be  used  should  be  employed 
promptly  in  order  to  have  the  right-of-way  available  for  construc- 
tion as  soon  as  it  is  time  to  begin  work.  In  some  States,  it  is  un- 
necessary for  the  authorities  to  pay  for  private  property  taken 
for  public  use  in  advance  of  actually  taking  possession.  If 
the  property  owner  is  dissatisfied  with  the  original  offer  of  pay- 
ment or  the  award  made  to  him  by  the  public  authorities,  he 
may  pursue  his  remedy  in  the  appropriate  court,  eveH  though  his 
land  has  already  been  occupied  by  the  public.  In  other  States 
no  rights-of-way  can  be  taken  before  they  have  been  acquired, 
after  a  vast  amount  of  red  tape,  by  donation,  purchase  or  condem- 
nation. The  western  States  are  particularly  oppressed  by  such 
roundabout  methods  of  entering  upon  private  property  to  carry 
on  improvements  for  the  benefit  of  the  entire  community. 

It  has  been  Mr.  Fletcher's  eacperience  that  the  expense  of  ob- 
taining abstracts  of  title  to  ascertain  the  ownership  of  land  is 
imnecessary.  The  method  he  has  employed  in  securing  rights^ 
of-way  for  hundreds  of  miles  of  California  highways  is  the  fol- 
lowing: When  the  field  parties  are  making  the  original  surveys, 
the  chiefs  of  party  usually  inquire  from  the  occupants  of  the  land 
surveyed  who  the  owners  or  those  interested  in  the  property  may 
be.  This  gives  a  clue  to  the  ownership.  Thereafter  one  of  the 
staff  visits  the  proper  county  officers  and  ascertains  from  the 
assessment  rolls  or  the  records  who  purport  to  be  the  owners. 
Deeds  or  agreements  are  then  prepared,  containing  the  proper 
descriptions,  and  it  is  very  rare,  indeed,  that  any  objection  has 
been  made  to  the  accuracy  of  the  instrimient  submitted.  By 
thus  performing  its  own  title  searches,  even  though  thay  may 
not  have  always  been  the  most  exact  from  a  title  lawyer's  stand- 
point, the  authorities  have  saved  thousands  of  debars  and  have 
never  had  an  injunction  or  ejectment  proceeding  instituted 
against  them  by  objecting  land  owners. 

Curves. — Sharp  curves  and  right-angle  intersections  are  danger 
places  where  vehicles  move  rapidly.  The  width  of  the  roads 
should  be  increased  on  sharp  ciu^es,  except  where  it  is  already 
wide,  and  the  right-of-way  at  right  angle  intersections  should  be 
widened  and  cleared  so  as  to  give  drivers  on  the  crossing  roads 
a  good  view  of  approaching  vehicles.  This  is  not  always  prac- 
ticable, unfortunately,  but  road  commissions  shotild  keep  in 
mind  that  these  places  are  dangerous,  that  it  is  their  duty  to 
reduce  the  dangerous  conditions  on  the  roads  under  their  charge 
and  that  it  is  less  expensive  to  improve  these  places  now  than  it 
will  be  later. 
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Send  for  Catalogne  B-23 

Wm.  Ainsworth  ft  Sons 
Denver,  Colo. 

The  Gurley  Light  Mountain  Tranait 
is  Tparticularly  useful  in  highway  engineering 

W.  ft  L.  E.  GURLEY 
Troy,  N.  Y. 

BUFF  INSTRUMENTS 

For  Engineers  and  Surveyors 

Bu£F  ft  Buff  Mfg.  Co. 

Jamaica  Plain,  Boeton,  Mass. 

50  Chuzch  St.,  Now  York 

ENGINEERING  INSTRUMENTS  OP  THE 
HIGHEST  QUALITY 

Bausch  ft  Lomb  Optical  Co. 

Rochester,  N.  Y. 
New  York  Chictgo  Sen  Fraadic^ 

STEEL  TAPES 
SELF-COMPUTING  LEVELING  RODS 

CHICAGO  STEEL  TAPE  CO. 


6231  Cottage  Grove  Ave. 


Chioago 


TRANSITS  AND  LEVELS 


Engineering  Suppliea  of  all  Kinds 

KOLBSCH  ft  COMPANY 


138  Fulton  St.,  New  York 
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On  curves  on  a  road  with  a  uniform  cross-section  there  is  a 
tendency  for  the  drivers  of  motor  vehicles  to  stay  on  the  inside 
of  the  curves  because  the  centrifugal  effect  of  passing  on  the 
outside  is  impleasant.  In  order  to  make  motor  travel  equally 
agreeable  on  any  part  of  the  cross-section  of  curving  roads,  it  is 
now  the  practice  to  superelevate  the  outside  of  the  road,  as  is 
done  on  railways.  Experiments  with  different  angles  of  super- 
elevation on  California  roads  have  led  the  highway  department 
of  that  State  to  adopt  a  slope  of  f-inch  rise  to  each  foot  of  width 
of  the  roadway  on  all  curves  having  radii  of  300  feet  or  less. 
The  transition  from  the  standard  crowned  cross-sections  to  the 
uniform  transverse  slope  stated  is  made  in  a  distance  of  about 
80  feet-  In  passing  from  the  straight  to  the  curved  road,  the 
outside  of  the  road  is  gradually  made  horizontal  and  then  grad- 
ually tipped  up  until  there  is  the  same  slope  throughout  the  sec- 
tion from  the  inside  to  the  outside  edge.  In  this  transition  the 
inside  edge  remains  at  the  same  elevation  it  would  have  if  the 
ordinary  crowned  cross-section  were  maintained;  the  change 
is  made  by  adding  to  the  height  of  the  other  parts  of  the  standard 
section,  so  the  improvement  is  generally  called  "banking  the 
curves." 

Grade  Crossings. — ^The  elimination  of  grade  crossings  is  a  prob- 
lem that  frequently  complicates  the  location  or  relocation  of 
highways.  The  usual  method  of  carrying  the  road  under  or  over 
the  railroad  tracks  is  so  costly  that  its  general  use  on  rural  roads 
is  impracticable.  Some  of  the  narrow  imderpasses  with  sharply 
curving  approaches  that  have  been  built  on  roads  used  by  numer- 
ous automobiles  at  high  speed  are  almost  as  dangerous  as  the 
grade  crossings  they  replace.  Attention  is  therefore  being  given 
more  and  more  to  comprehensive  relocation  as  a  means  of  re- 
ducing the  number  of  grade  crossings  and  making  those  remain- 
ing less  dangerous  than  before.  For  example,  there  was  a  Wi&- 
consin  road  23.9  miles  long  with  16  grade  crossings  and  15 
such  crossings  on  branch  roads  feeding  it,  in  addition  to  3  imder- 
passes and  2  overhead  bridges.  A  careful  study  by  the  State 
highway  commission  showed  that  by  reasonable  relocation  the 
total  number  of  crossings  could  be  reduced  to  16  at  grade,  4 
imderpasses  and  2  overhead  bridges,  and  the  16  grade  crossings 
would  be  on  the  branch  roads,  none  remaining  on  the  main  road. 
The  total  cost  of  right-of-way  and  construction  for  such  an  im- 
provement was  estimated  at  $35,000,  much  less  than  the  cost  of 
elimination  in  the  usual  manner. 

The  New  York  State  highway  department  has  had  a  long 
experience  in  treating  grade-crossing  problems  and  as  a  result 
has  adopted  the  following  general  rules  for  location  at  such 
crossings: 
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1.  The  alignment  should  be  laid  out  so  that  approaches  are 
on  a  tangent  which  is  at  least  400  feet  long,  200  feet  on  each  side 
of  the  crossing.  The  angle  that  the  highway  makes  with  the 
railroad  should  not  be  less  than  60  degrees.  The  grade  of  the 
approaches  should  not  be  greater  than  6  per  cent,  and  there 
should  be  a  portion  level  or  nearly  so  for  a  distance  of  not  less 
than  100  feet  on  each  side  of  the  crossing. 

2.  On  the  highway  within  200  feet  of  the  railroad,  on  each 
side,  traffic  should  have  a  clear  view  of  approaching  trains  for  a 
distance  of  1,000  feet.     (See  Rule  5.) 

3.  The  width  of  the  planked  crossing  shall  not  be  less  than 
24  feet,  measured  at  right  angles  to  the  center  line  of  the  high- 
way. The  ends  of  the  pavement  should  be  protected  by  an  edg- 
ing of  stone  or  concrete  placed  at  a  sufficient  distance  from  the 
ends  of  the  ties  to  allow  for  replacing  them. 

4.  A  standard  danger  sign  should  be  placed  at  each  side  of 
the  crossing  along  the  highway  in  a  prominent  location  at  least 
400  feet  from  the  crossing. 

6.  When  the  view  of  the  railroad  either  way,  as  required  in 
2,  is  less  than  1,000  feet,  or  when  there  is  a  great  deal  of  traffic 
on  either  the  highway  or  railroad,  or  when  vision  may  be 
blocked  by  cars  or  trains  as  in  the  case  of  a  railroad  with  two 
or  more  tracks,  a  flagman  should  be  employed  to  warn  highway 
traffic. 

The  New  York  State  highway  department's  rules  for  the  elim- 
ination of  grade  crossings  are  as  follows: 

1.  Subways  shall  have  a  clear  head-room  of  not  less  than  13 
feet  and  a  clear  width  between  abutments  of  not  less  than  26  feet. 
The  approaches  when  in  a  cut  shall  have  a  minimimi  width  of 
28  feet  between  bottoms  of  slope.  When  a  highway  passes  over  a 
railroad  the  clear  height  over  said  railroad  shall  be  not  less  thai\^ 
21  feet  and  the  approaches  when  on  embankment  shall  be  not 
less  than  28  feet  wide  across  the  shoulders. 

2.  The  alignment  and  grade  of  approaches  shall  be  such 
that  traffic  at  any  point  within  the  limits  of  the  elimination 
will  be  able  to  see  that  approaching  it  for  a  distance  of  300  feet. 
The  maximum  allowable  grade  shall  be  6  per  cent. 

3.  Bridges  carrying  railroads  over  highways  shall  be  of  a 
solid-floor,  ballasted  type.  Drainage  of  such  floors  shall  be 
such  that  water  will  not  drop  upon  the  roadway.  Bridges  car- 
rying highways  over  railroads  shall  have  solid  concrete  floors 
with  a  minimum  width  of  roadway  of  18  feet. 

4.  When  an  elimination  is  made  on  a  highway  already  im- 
proved, the  pavement  shall  be  of  the  same  type  as  the  existing 
pavement.  If  the  highway  is  not  improved  the  pavement  shall 
be  the  same  as  that  contemplated. 
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5.  Subways  shall  be  drained  in  a  thoroughly  satisfactory 
manner. 

6.  The  limits  of  an  elimination  shall  be  taken  as  the  points  of 
intersection  of  the  approach  grades  of  the  elimination  with  the 
grade  of  the  existing  highway. 


REGULATIONS  OF  THE  CALIFORNIA  HIGH^ 

WAY  COMMISSION  REGARDING 

SURVEYS  AND  PLANS^ 

Part  1.    Surveys 

(a)  Note  Books. — Survey  note  books  will  be  furnished  to  the 
chief  of  party  by  the  Division  engineer.  No  survey  note  book 
other  than  the  standard  book  so  furnished  shall  be  used,  and 
the  use  of  loose  sheets  is  prohibited.  The  notes  placed  therein 
shall  be  the  "original"  notes  of  the  survey  and  Bh&U  not  be  copied 
from  sheets  or  from  other  books. 

The  standard  book  shall  be  used  for  alignment,  topography 
and  levels,  and  for  all  other  information  which  the  survey  parties 
are  required  to  seeing;  all  notes  shall  begin  at  the  bottom  of  tiie 
page  and  read  upward. 

On  beginning  a  survey  the  chief  of  party  shall  see  that  a  proper 
entry  of  the  Division,  county  and  route,  is  made  upon  the  label 
pasted  to  the  inside  of  the  front  cover  of  the  note  book. 

Attached  to  the  back  cover  of  each  book  are  several  pages 
showing  the  "standards"  required  in  all  surveys.  All' survey 
notes  shall  conform  in  so  far  as  possible  to  such  "standards^'  to 
the  end  that  all  surveys  and  the  manner  of  taking  the  notes  thereof 
shall  be  uniform  throughout  the  work. 

At  the  beginning  of  each  day's  work  the  following  data  shaU 
be  entered  in  the  book:  Date;  weather  conditions;  names  of 
members  of  party  and  duties  of  each. 

When  no  notes  are  taken  on  a  working  day  or  portion  of  a 
day,  the  date  shall  be  entered  and  the  reason  for  the  loss  of  time 
shall  be  stated  clearly  and  conciselv. 

All  survey  and  other  notes  shall  be  suitably  indexed  on  the  first 
ruled  page  of  the  note  book. 

Every  day  at  the  close  of  the  work  the  notes  shall  be  copied 
neatly  upon  specially  printed  sheets  furnished  by  the  division 
engineer  and  numbered  consecutively,  and  after  careful  check- 
ing such  sheets  shall  be  forthwith  forwarded  to  the  division 
engineer. 

No  note  book  shall  contain  notes  relating  to  more  than  one 
route  or  to  more  than  one  coimty. 

^  From  Austin  B.  Fletcher,  State  Highway  Engineer  of  California. 
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(b)  Alignment  Notes. — ^The  base  line  of  the  survey  shall  be 
referred  to  the  true  meridian,  which  shall  be  determined  by  ob- 
servation on  polaris.  The  chief  of  party  before  beginning  a  sur- 
vey shall  procure  all  tables  and  other  data  needed  for  such  deter- 
mination and  observations  shall  be  made  from  time  to  time  to 
ensure  the  accuracy  of  the  work.  The  line  shall  also  be  checked 
by  magnetic  bearings  taken  at  each  transit  point.  All  angles 
in  the  base  line  shall  be  azimuth  angles  read  from  the  back  sight 
and  repeated  with  the  telescope  reversed. 

Complete  traverses  shall  he  run  in  all  surveys  and  computed 
in  the  field.  If  the  error  of  closure  exceeds  1 :  5000  the  division 
engineer  shall  be  notified  and  the  party  shall  not  move  camp  until 
he  has  authorized  such  moving.  The  closures  shall  be  completed 
and  computed  in  such  lengths  as  the  division  engineer  shall 
prescribe. 

The  base  line  shall  be  as  nearly  as  may  be  in  the  center  of  the 
proposed  road.  When  it  is  apparent  that  a  tangent  base  line  will 
not  follow  the  approximate  center  of  the  proposed  road,  a  curve 
of  suitable  radius  shall  be  run.  Curves  shall  be  measured  by 
computing  the  length  of  the  arc  and  not  by  chords. 

If  the  survey  follows  an  existing  road,  wire  nails  not  less  than 

5^  inches  in  length  shall  be  driven  flush  with  the  traveled  way  at 

all  angle  points  in  the  base  line,  at  the  beginning  and  ending  of 

all  curves  and  on  long  tangents  at  intervals  not  exceeding  1000 

^feet. 

WhejjL  the  base  line  does  not  follow  a  traveled  way  or  when  the 
roadway  is  so  soft  that  nails  will  not  hold  their  position,  wooden 
stakes  driven  flush  with  the  groimd  shall  be  used  and  the  transit 
point  indicated  thereon  by  a  small  nail. 

All  transit  points  shall  be  properly  referenced  as  provided 
under  the  caption  "Stakes." 

Stations  shall  be  established  every  100  feet  on  the  base  line 
and  indicated  by  short  wire  nails  driven  through  bits  of  red 
cloth  into  the  ground  to  serve  as  temporary  markers  during  the 
survey.  The  stations  and  half  stations  shall  be  also  permanently 
marked  by  stakes  set  on  both  sides  of  the  proposed  road  sufl^ 
ciently  far  removed  from  the  base  line  to  prevent  their  being  dis- 
turbed during  the  building  of  the  road. 

(c)  Stakes. — All  stakes  which  are  to  be  used  for  establishing 
grades  shall  be  made  from  2x3  inch  scantling,  from  24  to  30 
inches  in  length,  laid  flat  and  sawed  diagonally  into  two  wedges, 
with  the  sharp  ends  approximately  }  inch  thick.  The  lumber 
from  which  the  stakes  are  made  shall  be  sound,  reasonably  free 
from  knots,  and  planed  on  all  sides.  These  stakes  shaU  be  driven 
into  the  ground  to  about  one-half  of  their  length  with  the  2-inch 
face  paraUel  to  the  base  line.    On  the  right  side  of  the  road  the 
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station  number  shall  be  marked  plainly  on  the  side  of  the  stake 
facing  Station  0,  and  on  the  opposite  side  of  this  stake  shall  be 
marked  to  the  nearest  tenth,  the  offset  from  the  base  line.  The 
face  toward  the  road  must  be  reserved  for  marking  dm'ing  con- 
struction. On  the  left  hand  side  of  the  road,  the  offset  from  the 
base  line  shall  be  marked  on  the  side  of  the  stake  facing  Station 
0  and  the  station  number  on  the  opposite  side. 

All  stakes  used  to  mark  monuments  and  for  transit  points  shall 
be  wedge  shaped,  not  less  than  1  foot  ia  length  nor  less  than  i  x 
2-inch  at  the  top.  *  Such  stakes  shall  be  driven  flush  with  the 
ground  unless  they  are  so  located  as  not  to  endanger  the  travel- 
ing public.  Short  nails  driven  into  the  tops  of  these  stakes  shall 
indicate  the  monument  and  transit  points. 

All  monument  and  transit  points  shall  be  referenced  by  three 
ties  to  natural  objects  or,  if  such  do  not  exist,  to  stakes,  as  shown 
by  the  "standards"  at  the  back  of  the  note  book. 

(d)  Topography. — ^All  objects,  such  as  houses,  barns,  fences, 
gates,  field  entrances,  trees,  telephone  and  telegraph  poles,  power 
lines,  railroad  and  railway  tracks,  within  a  distance  of  150  feet 
on  either  side  of  the  base  line  shall  be  located  by  offsets  from  the 
base  line  and  recorded  in  considerable  detail,  and  the  limits  of 
the  "traveled  way"  on  all  existing  roads  shall  be  indicated. 
Separate  sketches,  with  levels  and  dimensions  of  all  essential 
features,  shall  be  made  in  the  note  book  of  all  bridges,  large  cul- 
verts and  other  appurtenances  of  the  road,  and  plainly  refer- 
enced in  the  topography  notes. 

The  azimuth  from  the  back  sight  to  the  boundary  lines  of  all 
incorporated  cities  and  of  all  counties  shall  be  ascertained  and 
recorded.  The  azunuth  of  the  boundary  lines  of  all  entering 
and  intersecting  highways,  of  township  lines,  and  of  division 
Unes  between  property  holdings  shall  be  ascertained  and  re- 
corded with  reasonable  accuracy,  and  when  feasible  the  names 
of  the  owners  of  property  abutting  on  the  proposed  road  shall 
be  recorded. 

When  it  is  desirable  to  locate  topographic  features  from  a 
sub-tangent,  the  station  will  be  measured  from  the  nearest  end  of 
the  curve. 

(e)  Levels — Whenever  there  is  a  known  government  bench 
witlun  3  miles  of  the  survey,  the  datum  plane  of  such  bench  shall 
be  adopted  for  the  work.  If  no  such  bench  is  available,  a  datum 
plane  shall  be  assumed  at  such  an  elevation  as  will  be  low  for  all 
parts  of  the  survey. 

Benches  shall  be  established  during  the  progress  of  the  work 
at  each  end  of  the  survey,  at  city  and  county  fines,  and  at  other 
convenient  points  not  more  than  1000  feet  apart,  and  at  shorter 
intervals  on  grades. 
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Where  no  permanent  objects  or  structures  exist,  a  long,  sub- 
stantial stake  shall  be  driven  firmly  into  the  ground  and  prop- 
erly referenced. 

On  bench  marks,  at  turning  points,  and  on  construction  stakes, 
elevations  shall  be  determined  to  hundredths  of  a  foot. 

Cross  section  levels  shall  be  taken  to  tenths  of  a  foot  at  each 
100-foot  station  and  at  half  stations,  at  entering  and  intersecting 
roads,  for  not  less  than  200  feet  from  the  base  line,  at  driveways 
and  field  entrances  and  wherever  the  surface  of  the  ground  changes 
abruptly.  The  elevation  of  the  center  of  the  traveled  way  of 
an  existing  road  shall  be  taken  and  properly  noted  when  it  does 
not  coincide  with  the  base  Une.  The  cross  sections  shall  include 
the  whole  width  between  fences,  and  where  the  grade  is  likely  to 
be  changed  substantially  the  cross  sections  shall  cover  a  width 
sufficient  to  include  all  groimd  likely  to  be  affected. 

Sections  shall  be  taken  at  all  culverts  and  water  crossings,  and 
elevations  shall  be  taken  a  sufficient  distance  up  and  down  aU 
streams  to  afford  data  for  designing  new  structures. 

(f)  General  Data, — ^The  survey  notes  shall  contain  data  con- 
cerning: 

1.  The  location  of  outcropping  boulders  and  bedrock,  suitable 
for  road  metal  or  concrete. 

2.  The  location  of  all  quarries  near  the  proposed  road. 

3.  The  location  and  approximate  quantity  of  field  stone 
available  in  the  vicinity  of  the  road. 

4.  The  location  of  all  gravel  pits. 

5.  The  location  of  points  where  good  river  sand  can  be  obtained. 

6.  The  available  points  where  water  for  sprinklers  and  steam 
rollers  can  be  obtained. 

7.  The  location  of  all  railroad  spur  tracks  or  sidings  within  rea- 
sonable haul  of  the  proposed  highway  and  the  name  of  the  railroad. 

8.  The  most  advantageous  locations  for  rock  crushing  plants 
along  the  road. 

9.  The  current  wages  paid  to  teamsters  and  laborers  in  the 
locations  through  wluch  the  road  will  pass.  Amount  paid  for 
hire  of  mules  or  horses  (without  driver)  per  day.  Amount  paid 
for  man  and  two-horse  team  per  day. 

10.  The  locations  where  special  imderdrains  should  be  in- 
stalled due  to  the  existence  of  unstable  sub-soil  conditions.  In- 
quiry should  be  made  of  residents  and  local  officers  regarding 
spots  that  break  up  badly  in  wet  weather. 

11.  The  approximate  area  of  the  watershed  at  each  stream 
crossing  if  it  can  be  readily  obtained.  All  high-water  marks 
should  be  noted  and  inquiry  as  to  whether  or  not  water  over- 
flows the  road. 

12.  All  general  information  that  may  prove  of  value  in  the  con- 
struction of  the  highway. 
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Part  II.  Plans 

(a)  Drafting. — ^All  drafting  so  far  as  possible  shall  be  done  in 
the  division  offices.  At  the  Sacramento  headquarters,  the  draft- 
ing shall  be  limited  to  work  of  a  general  nature,  such  as  the  de- 
sign of  standards,  general  maps  and  to  such  revision  work  of 
the  plans  made  in  the  division  offices  as  may  be  necessary.  No 
drafting  shall  be  done  in  the  survey  party  camps  except  such  as 
is  immediately  needed  in  the  mountainous  coimtry  to  facilitate 
the  choice  of  lines  and  grades. 

The  plans,  profiles  and  cross-sections  shall  be  plotted  in  the 
division  offices  from  the  copies  of  the  survey  notes  sent  in  daily 
by  the  survey  parties  as  required  imder  the  rules  for  surveys. 

(b)  Working  Plans. — ^The  plan  and  profile  of  every  road  survey 
shall  be  plotted  on  detail  paper  30  inches  in  width  and  of  such 
length  as  may  be  found  convenient,  the  plan  to  be  plotted  above 
the  profile,  and  such  drawings  shall  be  known  as  the  '^  Working 
Plans." 

P]ans  and  profiles  shall  be  plotted  from  left  to  right,  the  plan 
on  the  scale  of  1  inch  to  100  feet  and  the  profile  to  the  same  hori- 
zontal scale  and  to  the  vertical  scale  of  1  inch  to  20  feet. 

The  base  line  of  the  sm^ey  shall  be  plotted  by  coordinates 
obtained  from  the  traverse  sheets  which  have  been  made  and 
calculated  in  the  survey  camps  and  said  base  line  shall  be  inked 
in  red  before  the  topography  is  plotted.  All  angles  and  curve 
points  shall  be  marked  by  small  circles,  and  the  even  stations  by 
a  line  |  inch  in  length  drawn  at  right  angles  across  the  base  line. 

The  even  stations  and  the  plus  distance  of  all  angle  and  curve 
points  shall  be  numbered  below  the  base  line.  The  calculated 
bearings  of  the  base  line,  together  with  the  tangent  and  curve 
lengths  and  the  radii  of  the  curves,  shall  be  indicated  above  the 
line.  The  right-of-way  lines  shall  be  shown  in  red.  They  shall 
be  properly  referenced  to  the  base  line  and  land  comers.  Where 
they  are  not  parallel  to  the  base  line  their  bearings  and  lengths 
shall  be  indicated.  The  topography  and  lettering  other  than 
that  relating  to  the  base  line  shaU  be  done  neatly  and  so  as  to 
permit  of  tracing  easily  but  such  details  shall  not  be  inked. 

All  drafting  details  shall  conform  to  the  conventions  shown  on 
the  specimen  sheet  furnished  to  each  drafting  office. 

The  north  point  shall  be  indicated  at  intervals  of  not  more 
than  fifty  stations. 

The  datum  line  of  the  profile  shall  be  drawn  f  inch  from  the 
bottom  of  the  sheet  and  inked  in  black.  Perpendiculars  shall  be 
erected  at  each  even  station  and  inked  in  black.  The  even  sta- 
tions and  plus  distances  shall  be  numbered  below  the  datum  line 
and  the  elevations  of  the  present  surface  of  the  ground  shall  be 
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shown  above  the  datum  line  and  to  the  left  of  the  perpendiculars. 
The  elevations  of  the  proposed  finished  road  surface  ediall  be 
shown  in  red  and  to  the  right  of  the  perpendiculars. 

The  present  ground  surface  shall  be  drawn  in  black,  and  the 
proposed  finished  surface  of  the  road  and  proposed  rates  per 
cent  of  grade  in  red.  Points  of  change  in  the  rate  of  the  finished 
grade  and  the  beginning  and  end  of  vertical  curves  shall  be  in- 
dicated by  small  circles. 

No  title  need  be  placed  on  the  working  plans;  they  shall  be 
identified  by  the  file  number,  and  such  plans  shall  bear  the  sig- 
natures of  the  employees  concerned  in  their  preparation  and  the 
date. 

(c)  Cross  Sections. — ^The  cross  sections  shall  be  plotted  to  the 
scale  of  1  inch  to  5  feet  vertical  and  horizontal  on  specially  ruled 
sheets,  20  by  30  inches  in  size,  furnished  by  the  highway  engi- 
neer. They  shall  be  plotted  from  the  bottom  of  the  sheet  up- 
ward and  so  as  not  to  interfere  with  one  another  more  than  is 
necessary.  The  station  numbers  shall  be  placed  directly  below 
the  datum  line  and  across  the  base  line.  The  present  ground 
surface,  the  elevation  at  the  base  line  and  the  station  number 
shall  be  inked  in  black.  The  proposed  finished  surface,  together 
with  the  elevation  at  the  center  of  the  proposed  roadway,  shall 
be  shown  in  red. 

(d)  Layout  Plans. — ^The  layout  plans  shall  be  on  tracing  cloth 
20  by  30  inches  in  size  and  the  first  sheet  shall  carry  the  title, 
small  index  or  key  maps,  conventions,  and  the  necessary  certifi- 
cates and  signatures,  and  such  sheet  will  be  prepared  in  Sacra- 
mento. The  subsequent  sheets  shall  be  traced  from  the  working 
plan,  shall  be  authenticated  by  the  signatures  of  the  division 
engineer  and  the  highway  engineer,  shall  state  the  whole  num- 
ber of  sheets  in  the  set  and  the  number  of  the  individual  sheet, 
the  file  number,  and  on  each  sheet  shall  be  shown  the  true  North 
Point.  These  plans  shall  conform  as  closely  as  is  practicable  in 
workmanship  and  appearance  to  the  specimen  sheet  hereinbefore 
referred  to. 

(e)  The  Grade  Line. — ^The  grade  shall  be  established  tenta- 
tively on  the  profile  imder  the  direction  of  the  division  engineer 
and  transferred  to  the  cross-sections  and  the  proposed  finished 
surface  of  the  roadway  and  slopes  shall  be  drawn  on  the  sections 
with  the  aid  of  templets  to  be  furnished  by  the  highway  engineer. 
If  it  appears  to  be  desirable  to  shift  the  center  of  the  roadway 
from  the  base  line,  the  new  alignment  shall  be  located  on  the 
working  plan  by  a  dotted  redlme.  The  limits  of  earth  work 
shall  be  shown  on  the  plan  by  a  dotted  red  line  where  they  ex- 
tend beyond  the  fences  or  known  right-of-way  Unes. 

After  the  grade  line  has  been  so  tentatively  established  and 
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the  estimates  have  been  completed,  the  working  plan,  cross-sec- 
tions and  estimates,  together  with  sketches  of  special  structures, 
shall  be  submitted  to  the  highway  engineer  for  his  scrutiny. 

(f)  Accessions. — Every  plan  made  in  a  division  office  and  which 
is  to  remain  there  after  it  has  been  signed  by  the  division  engi- 
neer, shaU  be  entered  in  the  "Accession  Book"  and  described  as 
required  by  the  captions  therein.  All  other  plans  and  maps  re- 
ceived at  such  offices,  and  which  are  to  remain  there,  shall  be 
likewise  entered  in  said  book. 

(g)  Filing  of  Plans  and  Note  Books. — ^All  plans  shall  be  filed 
flat  in  drawers  in  the  division  offices  but  during  their  prepara- 
tion the  working  plans  may  be  rolled  and  folded  afterward. 

When  completed,  the  layout  plans  shall  be  filed  at  Sacramento 
headquarters  and  on  the  completion  of  a  contract  the  cross- 
sections  shall  be  likewise  filed  at  Sacramento,  blue  prints  thereof 
being  furnished  to  the  division  offices. 

AU  note  books  shall  be  filed  at  Sacramento  when  the  contract 
relating  to  the  surveys  therein  is  completed. 

All  documents,  whether  plans,  books  or  papers,  which  relate 
to  road  contracts  shall  be  stamped  with  the  file  mark  adopted. 


DRAINAGEt  CULVERTS  AND  BRIDGES' 

In  most  parts  of  the  country  water  is  one  of  the  most  destructive 
influences  on  roads.  When  it  collects  on  the  surface  it  tends  to 
injure  the  roadway  unless  the  latter  is  paved  with  some  hard,  im- 
pervious material.  The  mudholes  on  earth,  gravel  and  broken 
stone  roads  become  soft,  so  that  traffic  increases  their  area  and 
depth  rapidly.  The  impervious  crust  is  finally  broken  through, 
allowing  water  to  reach  the  roadbed,  which  gives  way  under  heavy 
loads  and  the  condition  of  the  roadway  becomes  very  bad.  If 
water  collects  in  the  ditches,  it  percolates  sideways  into  the  road- 
bed, softening  it  and  eventually  causing  subsidence  which  produces 
marked  irr^ularities  in  the  surface,  so  that  mudholes  form  there. 
If  the  subgrade  on  which  the  roadbed  is  carried  is  soggy,  a  road 
can  not  be  maintained  on  it.  Charles  J.  Bennett,  State  highway 
commissioner  of  Connecticut,  has  reported  an  instance  of  this  in  a 
city  where  a  7-inch  broken  stone  roadway  was  placed  on  a  poorly 
drained  clay  subgrade.  The  roadway  broke  up  when  frost  came 
out  of  the  ground  and  became  so  impassable  that  stringers  were 
laid  on  it  and  covered  with  crossplank  to  furnish  a  driveway. 
This  heaving  action  of  frost  will  eventually  destroy  any  roadbed 
in  which  water  is  allowed  to  collect.  The  water  expands  every 
time  it  freezes.  The  expansion  opens  up  the  earth,  so  that  gradu- 
ally more  water  enters  it  and  finally  there  is  so  much  in  the  pores 
and  cracks  that  its  expansion  throws  up  the  roadway. 

Troubles  with  water  are  particularly  noticeable  on  grades.  The 
water  is  not  shed  so  quickly  from  the  roadway  on  steep  slopes  as 
it  is  on  fairly  level  roads,  but  runs  toward  the  side  ditches  at  an 
acute  angle  with  them.  If  there  is  any  check  to  the  flow  at  the 
side  of  the  roadway,  such  as  irregularities  of  the  surface  or  vege- 
tation offer,  some  scouring  will  eventually  take  place,  and  it  is  for 
this  reason  that  the  good  condition  of  the  shovdders  of  steep  roads 
is  important.  The  scouring  of  ditches  on  steep  grades  is  a  com- 
mon occurrence  after  heavy  rains,  and  experienced  maintenance 
men  regard  it  as  an  injury  that  must  be  repaired  immediately. 
If  the  road  is  on  a  fill  and  also  on  a  grade,  the  handling  of  water 
requires  special  care  if  heavy  gullying  of  the  slopes  is  to  be 
avoided.    A  gully  may  be  cut  a  quarter  of  the  way  across  a  new 

^  Revised  by  W.  F.  Chiids,  Jr.,  Resideat  Engineer,  Maryland  State  Roads 
Ck>mmi8sion. 
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road  in  such  a  location  by  a  single  heavy  rain.  An  unusual  case 
of  the  effect  of  water  on  slopes  has  been  mentioned  by  Mr.  Ben- 
net.  A  road  which  led  up  a  steep  hill  was  originally  only  wide 
enough  for  one  vehicle  and  was  the  drainage  channel  for  the  sur- 
face water  of  the  hillside.  The  surfacing  was  washed  away  by 
every  heavy  rain.  A  new  road  was  built  by  filling  in  stone  to  a 
depth  of  4  feet,  with  an  open  box  culvert  at  the  bottom  to  carry 
whatever  water  might  penetrate  beneath  the  road  from  the  sides. 
This  stone  fill  extended  the  entire  width  of  the  road,  from  shoulder 
to  shoulder,  and  very  deep,  wide  ditches  were  provided  at  each 
side.  There  has  been  no  trouble  with  this  road  since  it  was  re- 
constructed in  this  way,  showing  what  good  drainage  can  do  even 
in  an  exceptionally  bad  place. 

In  any  drainage  work  it  is  necessary  to  allow  for  the  different 
water-holding  capacities  of  different  materials.  Experiments  by 
the  United  States  Office  of  Public  Roads  and  Rural  Engineering 
show  that  with  the  same  condition  of  dryness,  clay  will  take  up 
more  water  than  sand,  but  will  not  part  with  so  much.  The  rate 
of  drainage  from  saturated  sand  is  almost  twice  as  fast  as  from 
saturated  clay  during  the  first  twenty-four  hours  after  the  mate- 
rials are  allowed  to  drain.  Silt  is  the  slowest  material  to  drain 
and  the  loams  come  between  sand  and  clay.  While  silt  and  clay 
absorb  more  water  than  sand,  they  allow  water  to  percolate  very 
slowly  indeed  in  comparison  with  sand,  and  it  is  for  this  reason 
that  they  form  water-tight  barriers  when  confined  so  their  grains 
can  not  flow  away.  When  in  a  loose  condition  silt  permits  the 
smallest  amoimt  of  percolation,  and  calling  the  rate  with  this 
material  1  the  rate  with  loose  clay  is  nearly  3,  loose  sandy  loam 
nearly  28  and  loose  sand  nearly  54.  With  compacted  materials, 
however,  such  as  exist  in  a  well-built  roadbed,  the  lowest  rate  of 
percolation  is  with  clay;  calling  it  1,  the  rate  with  compact  silt  is 
2,  compact  sandy  loam  15,  and  compact  sand  93.  The  experi- 
mental investigations  make  clear  the  reason  for  particularly  care- 
ful drainage  of  clay  and  silt  subgrades. 

Oenerdl  Methods  cf  Drainage 

Road  drainage  is  chiefly  a  matter  of,  first,  climate;  second, 
topography;  and  third,  soil.  It  may  be  treated  separately  imder 
two  heads,  surface  draining  and  sub-surface  or  under-drainage. 

In  the  case  of  surface  drainage,  the  8iu*f ace  water  may  be  shed 
in  four  ways,  first,  by  cross-slope  or  crown  in  construction;  sec- 
ond, by  longitudinal  grade  after  the  crown  is  determined;  third, 
by  discharge  into  natural  water-courses;  and  fourth,  by  discharge 
into  artificial  outlets. 

The  crown  should  be  determined  by,  first,  character  or  type  of 
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road;  second,  the  locality;  and  third,  by  grade.  The  crown  for  a 
natural  earth  road  or  a  shell  road  should  be  made  from  1  to  2 
inches  higher  in  construction  than  that  which  is  ultimately  de- 
sired. This  opinion  is  based  on  the  fact  that  these  types  of  roads 
are  more  susceptible  to  consolidation  and  displacement  under 
traffic  than  most  other  roads. 

In  thickly  populated  districts  a  high  crown  is  dangerous  to 
traffic  and  the  cross-slope  of  roads  constructed  through  towns  or 
other  thickly  popidated  districts  should  be  reduced  to  that  which 
is  just  sufficient  to  shed  water  to  the  gutter  line.  In  such  dis- 
tricts high  crowns  cause  a  sliding  motion  of  vehicles  and  bring 
an  extra  strain  upon  lower  portion  of  the  wheels  which  is  objec- 
tionable and  causes  public  criticism,  which,  if  not  considered, 
brings  about  a  certain  amount  of  prejudice  against  modern  road 
construction.  Finally,  in  considermg  crowning  of  roads  the  ques- 
tion of  grades  must  not  be  overlooked.  Ordinarily  the  practice 
is  to  increase  the  crown  as  the  grades  become  steeper.  For  all 
grades  up  to  and  includmg  5  per  cent,  the  crowns  mentioned  in 
the  next  paragraph  are  considered  sufficient.  When  the  grade  is 
in  excess  of  5  per  cent  the  crown  should  be  so  increased  that  the 
water  will  be  shed  to  the  side  of  road  rather  than  run  down  its 
surface  or,  at  least,  make  a  curve  in  its  course  of  final  dis- 
charge. 

The  minimum  and  maximum  crowns  which  it  is  desirable  to 
use  may  be  determined  by  multiplying  half  the  width  in  feet  of 
the  hardnsurfaced  roadway  by  i  to  1  inch  for  gravel  roads,  J  to 
}  inch  for  macadam,  }  to  }  inch  for  roads  with  a  bituminous  siu-- 
face,  and  J  to  |  inch  for  brick  and  concrete.  Formerly  curved 
cross-sections  were  used  with  impervious  pavements,  which  were 
quite  flat  at  the  center  and  increased  in  curvature  toward  the 
sides,  with  the  result  that  there  was  a  wholly  needless  slope  at  the 
latter.  This  has  been  changed  of  late,  and  there  is  a  tendency  to 
use  uniform  slopes  from  the  sides  toward  the  center,  where  an 
angle  is  avoided  by  introducing  a  very  flat  curve.  The  unpaved 
shoulders  are  often  given  a  slope  of  1  inch  per  foot  of  width. 

There  are  two  general  methods  of  draining  the  roadbed,  by  side 
ditches  and  by  underdrains,  which  will  be  explained  in  more  detail 
later.  In  flat  coimtry,  the  roadbed  is  best  kept  dry  by  raising  it 
above  the  neighboring  land,  just  as  railway  roadbeds  are  raised. 
If  this  is  not  done,  it  is  very  difficult  to  keep  roads  in  good  condi- 
tion. 

In  undeveloped  swamp  coimtry,  George  W.  Cooley,  State  en- 
gineer of  Minnesota,  has  found  the  most  permanent  roadbeds  can 
be  built  by  constructing  the  embankment  of  material  dredged  from 
a  drainage  ditch  on  the  upper  side  of  the  road  and  a  smaller  ditch 
on  the  lower  side.    When  the  swamps 'have  soundings  of  2  to  5 
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feet,  he  considers  that  the  elevation  of  the  bottom  of  the  dredged 
ditch  may  be  disregarded  except  that  it  should  not  be  above  the 
suitable  theoretical  grade  line.  This  is  because  the  surrounding 
land  is  swampy  at  all  times  and  the  subgrade  can  not  be  drained 
by  any  means  short  of  draining  the  whole  swamp. 

In  ordinary  flat  prairie  country,  the  elevations  reconmiended  by 
H.  E.  Bilger,  road  engineer  of  the  Illinois  highway  department, 
vary  with  the  kind  of  soil  used  in  the  roadbed,  as  follows:  with 
dense  clay  or  gimibo,  where  the  obtainable  grade  of  the  side  ditch 
is  less  than  0.4  per  cent,  not  more  than  800  feet  of  earth  road  in 
one  stretch  should  have  its  crown  less  than  12  inches  above  the 
adjacent  fields,  unless  the  road  is  along  a  ridge  or  on  a  side  hill  so 
that  culverts  will  deliver  the  water  from  the  uphill  ditch  to  nat- 
ural outlets  on  the  downhill  side.  In  partly  impervious  soils, 
such  as  loams,  the  same  elevation  should  be  maintained,  when 
the  side  ditches  have  a  slope  of  less  than  0.2  per  cent.  With  sand, 
gravel  or  very  loose  soil,  the  crown  should  be  6  inches  above  the 
adjacent  fields. 

It  is  troublesome  enough  to  care  for  the  surface  and  under- 
ground water  on  the  right-of-way,  without  having  the  work  ag- 
gravated by  water  from  adjacent  property.  On  hillsides,  there- 
fore, the  water  flowing  down  the  slopes  toward  the  road  is  often 
intercepted  by  ditches  along  the  crest  of  the  cuts,  as  shown  in 
Cross-Section  2  on  page  226,  and  carried  away  to  suitable  outlets. 
Such  ditches  are  sometimes  called  '^berm  ditches.''  In  sections 
where  irrigation  is  practiced,  considerable  trouble  is  sometimes 
experienced  as  a  result  of  the  overflowing  of  the  road,  and  to  pre- 
vent this  the  following  law  has  been  enacted  in  C!olorado: 

No  person  or  persons  or  any  corporation  shall  cause  waste  water,  or  the 
water  from  any  (utch,  road  drain  or  flume,  or  other  place,  to  flow  in  or  upon 
any  road  or  highway  so  as  to  damage  the  same,  and  any  such  person,  or 
persons  or  corporation  so  ofiFending  or  violating  any  of  the  provisions  of 
this  section  for  which  there  is  no  specific  penalty  provided  shall  pay  a  fine 
of  not  less  than  $10  nor  more  than  $300  for  each  offense,  and  a  like  fine  of 
$10  for  each  day  that  such  obstruction  shall  be  suffered  to  remain  in  said 
liighwa}r,  and  shall  also  be  liable  to  anv  person,  or  persons  or  corporations 
in  a  civil  action  for  any  damages  resulting  therefrom;  and  it  shall  be  the 
duty  of  the  road  overseer  in  the  district  in  which  such  violation  shall  occur 
to  prosecute  any  person,  persons  or  corporation  or  corporations  violating 
the  provisions  of  this  act. 

The  water  accumulating  in  the  ditches  should  be  dischai^ed  as 
quickly  as  possible  into  neighboring  outlets.  After  light  rainfalls, 
this  may  not  seem  important,  but  when  a  heavy  rain  occurs  in  the 
early  spring  while  the  roadway  is  impervious  the  need  of  numer- 
ous outlets  is  evident.  This  is  particularly  true  on  slopes,  where 
a  large  quantity  of  water  in  the  ditches  is  liable  to  scour  them 
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badly.  As  it  is  not  always  practicable  to  find  natural  drainage 
channels  on  each  side  of  the  road,  culverts  must  be  built  to  carry 
the  water  under  the  roadway  from  one  ditch  to  the  other,  as  well 
as  to  provide  adequate  channels  for  the  brooks  crossing  the  rights- 
of-way. 

Although  properly  designed  and  well-built  culverts  protect  a 
road-bed  from  injury,  it  is  sometimes  desirable  to  avoid  the  use 
of  large  structures  of  this  class  if  it  can  be  done  by  relocating  the 
road.  This  is  particularly  the  case  where  the  beds  of  the  streams 
are  in  alluvial  soil  which  is  readily  eroded  by  swiftly  moving  flood 
waters.  In  such  cases  there  is  uncertainty  whether  unpaved 
channels  to  and  from  the  culvert  will  not  become  so  eroded  that 
the  structure  will  settle.  Culverts  of  large  size  in  such  localities 
are  comparatively  expensive,  and  if  there  are  many  of  them  it  is 
always  well  to  ascertain  if  the  number  can  not  be  reduced  by  chang- 
ing the  position  of  the  road.  In  a  few  cases  winding  brooks  have 
had  straight  channels  dug  to  accomplish  the  same  purpose.  This 
is  particularly  the  case  in  districts  where  the  roads  follow  straight 
section  lines  without  regard  to  topography. 

The  most  elaborate  investigation  of  sturface  and  imderground 
roadbed  drainage  that  has  been  made  in  this  country  was  imder- 
taken  by  a  committee  of  the  American  Railway  Engineering  Asso- 
ciation, which  reached  the  following  conclusions: 

Side  ditches  should  be  provided  in  cuts,  whether  the  subgrade 
be  in  rock  or  earth.  The  minimmn  side  ditch  should  be  1  foot 
wide  on  the  bottom  and  1  foot  deep  below  subgrade.  The  mini- 
mimi  grade  for  side  ditches  should  be  0.30  per  cent  If  the  rate 
of  grade  of  the  track  in  any  cut  is  less  than  0.30  per  cent,  the  cut 
may  be  widened  to  permit  side  ditches  to  be  constructed  on  0.30 
per  cent  grades,  or  drain  pipes  may  be  laid  to  proper  grades  below 
the  ditches  to  any  available  outlet. 

Efficient  subdrainage  of  wet  cuts  and  of  saturated  soil  upon 
which  embankments  rest  may  be  attained  by  the  use  of  pipe 
drains.  They  should  be  laid  immediately  below  the  center  of  the 
side  ditch  in  cuts  and  about  10  feet  from  the  toe  of  the  slopes  of 
embankments  and  on  grades  of  not  less  than  0.20  per  cent.  Care 
should  be  taken  to  locate  the  pipe  at  such  depths  that  no  dis- 
placement will  be  made  in  its  alignment  by  the  subsidence  of  the 
roadway  under  traffic.  To  this  end  the  trench  in  which  the  tile 
is  to  be  laid  should  be  dug  down  into  a  motionless  stratum  under- 
lying the  saturated  material  which  it  is  desired  to  drain.  The 
trench  above  the  pipe  should  be  completely  filled  with  cinders  or 
other  porous  material  which  filters  the  water  and  aids  its  passage 
to  the  pipe  and  prevents  the  intrusion  of  the  saturated  material 
under  pressure  of  traffic. 

A  water  pocket  beneath  the  track  may  be  drained  by  small 
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cross  drains  laid  in  cinder-filled  trenches,  or  by  trenches  filled 
with  cinders,  gravel  or  similar  material. 

The  committee  recommended  that  no  pipe  be  used  with  an  in- 
side diameter  of  less  than  6  inches,  except  for  cross  drains.  It 
will  rarely  be  necessary  to  use  larger  sizes  than  12  inches.  The 
trench  should  not  be  wider  than  is  needed  for  digging  it  economi- 
cally and  laying  the  pipe. 

Surface  intercepting  ditches  should  be  constructed  on  the  up- 
hill side  of  all  cuts  where  they  may  be  opened  without  causing 
slides.  Open  ditches  should  be  dug  along,  and  about  10  feet  from, 
the  toes  of  embankments  resting  on  soil  liable  to  become  unstable 
if  saturated,  to  divert  water  fiowing  toward  the  embankment. 
Where  an  open  ditch  may  endanger  such  an  embankment,  a  drain 
pipe  may  be  laid  along  the  toe  of  its  slope.  In  constructing  ditches 
on  slopes  above  cuts,  they  should  not  be  larger  than  necessary  in 
order  that  they  may  not  become  the  notch  or  score  from  which  a 
slide  will  start.  They  should  be  10  to  25  feet  from  the  crest  of 
the  cut,  and  the  material  excavated  from  them  should  be  deposited 
on  the  side  nearer  the  roadbed. 

Side  DUchea 

The  cross-section  of  side  ditches  should  be  such  that  they  can 
be  formed  and  maintained  by  road  machines,  if  practicable,  for  the 
use  of  such  equipment  in  places  for  which  it  is  suitable  gives  the 
desired  results  at  lowest  cost.  The  sections  shown  on  page  226 
illustrate  the  capabilities  of  road  machines.  In  the  final  shaping 
of  the  road,  care  must  be  taken  not  to  dig  the  ditches  too  deep  at 
any  place,  leaving  a  depression  to  hold  water.  The  purpose  of  a 
ditch  is  to  carry  water  away  without  retaining  any  of  it.  If  any 
depressions  exist  they  must  be  remedied  in  some  effective  manner. 

Very  good  results  can  be  had  by  making  side  ditch  2  feet  wide 
on  the  bottom  with  a  4: 1  slope  on  the  road  side  and  a  slope  on 
the  back  side  equal  to  the  angle  of  repose  of  the  particular  mate- 
rial encountered  in  the  excavation.  The  4:1  slope  on  the  road 
side  is  not  dangerous  to  traffic,  the  slopes  can  be  grassed  with  a 
good  texture  of  grass  and  the  slope  is  not  so  steep  as  to  become 
gullied  by  water  shed  into  the  ditch  from  the  surface  of  the  road 
where  the  crown  is  excessive  or  the  grade  steep.  The  slopes  can 
also  be  made  and  maintained  with  a  road  machine. 

The  grade  of  the  flow-line  of  the  ditch  should  be  0.5  per  cent  if 
possible,  rather  more  than  the  recommendation  for  railway  ditches 
previously  quoted,  but  in  flat  country  it  is  sometimes  impracticable 
to  secure  such  a  grade.  Under  such  conditions  the  grade  lines  for 
the  ditches  should  be  given  by  a  surveyor,  and  the  excavation 
made  to  conform  exactly  to  the  lines.    When  finished,  these  flat 
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ditches  must  be  maintained  on  the  true  grades,  or  water  will  fail 
to  run  off  quickly.  Flat  ditches  are  often  made  wide  and  shallow, 
so  as  to  expose  as  much  water  to  evaporaton  as  possible,  and  on 
well-maintained  level  roads  care  is  taken  that  these  shallow  ditches 
are  not  unduly  shaded  by  trees  and  shrubs,  so  that  evaporation 
will  be  checked. 

Where  there  are  two  convenient  outlets  with  a  side  ditch  run- 
ning from  one  to  the  other,  the  grade  may  be  improved  and  a 
deep,  unsightly  ditch  avoided  by  selecting  a  good  intermediate 
sxmmait  and  drawing  water  both  ways  to  the  outlet.  This  summit 
may  be  regulated  by  the  grades  desired  or  by  holding  them  from 
6  to  12  inches  below  the  sub-grade  at  the  summit  and  running 
straight  flow-line  grades  each  way  to  the  outlets. 

Deep,  narrow  ditches  with  steep  sides  have  two  defects  fre- 
quently observed  where  roads  are  not  maintained  properly.  One 
defect  is  the  danger  they  offer  to  vehicles  which  may  be  crowded 
into  them  for  any  reason.  The  records  of  the  Iowa  State  high- 
way commission  for  September,  October  and  November,  1916, 
show  that  in  that  State  alone  353  automobiles  turned  turtle,  re- 
sulting in  5  deaths  and  451  injuries.  Just  how  many  of  these  ac- 
cidents were  due  to  ditching  the  cars  is  not  stated,  but  this  is  gen- 
erally regarded  as  the  usual  cause  of  overturning.  Where  the 
ditches  are  deep  or  the  road  is  on  an  embankment  with  steep 
slopes,  substantial  guard  rails  should  be  provided.  During  Sep- 
tember, October  and  November,  1916,  the  Iowa  records  show  that 
167  cars  went  over  embankments,  killing  7  persons  and  injuring 
234.  Such  a  list  points  more  clearly  than  general  arguments  to 
the  great  importance  of  guard  rails  that  will  act  as  real  guards. 

The  second  defect  is  the  relatively  high  velocity  which  water 
may  acquire  in  a  deep,  narrow  ditch.  If  the  latter  is  protected 
against  erosion  high  velocity  may  cause  no  trouble,  but  such  pro- 
tection is  not  common  and  when  the  water  rushes  through  an 
earth  ditch  the  latter  will  become  eroded  and  both  the  roadbed 
and  the  bank  may  be  severely  injured. 

The  maintenance  of  ditches  cut  in  earth  on  slopes  is  hardly 
possible  unless  water-brakes  are  constructed  in  them.  These 
are  usually  heavy  timbers  placed  across  the  ditch  and  projecting 
several  inches  above  it.  They  check  the  flow  of  the  water  at 
intervals  down  the  hill,  and  thus  prevent  a  velocity  which  will 
be  destructive.  The  ditches  where  they  are  used  must  be  cleaned 
out  after  every  rain  or  the  bottoms  will  become  filled  to  the  top 
of  the  timbers  and  later  storms  will  gully  the  road  and  the  banks 
at  their  ends.  In  some  cases,  the  water-braJkes  are  heavy  con- 
crete beams.  Where  the  water  attains  an  erosive  velocity  in 
ditches  paving  protects  them  better  than  the  waterbrakes. 

Wherever  practicable  ditches  in  earth  on  grades  exceeding 
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Underdrainage 

The  usual  method  of  repairing  a  wet  place  adopted  by  an 
untrained  roadbuilder  is  to  dump  stone  over  it.  After  the  stone 
has  been  forced  into  the  mud  by  the  traffic,  more  stone  is  dumped 
there,  with  the  result  that  a  mudhole  is  formed  at  each  end  of 
the  stone  fill.  The  water  is  in  the  earth  and  must  find  an  outlet 
somewhere.  Instead  of  tr3dng  to  seal  it  up,  the  proper  remedy 
is  to  carry  it  off  by  some  kind  of  imderdrainage.  The  problem 
of  carii^  for  underground  water  is,  first,  a  matter  of  soils;  second, 
a  matter  of  topography;  and  third,  one  of  temperature.  There 
are  many  soils  of  a  gravelly,  sandy,  or  simUar  character,  which 
ordinarily  are  self-draining  to  a  degree  and  do  not  require  par- 
ticular attention.  The  difficulty  is  with  those  highways  built  on 
clayey  or  loamy  soils  which  are  more  or  less  retentive  and  do  not 
drain  readily. 

When  the  entire  roadbed  is  somewhat  damp  or  soggy  it  was 
formerly  the  general  practice  to  lay  a  foimdation  of  large  stones 
wedged  together  by  small  stones  and  thoroughly  rammed.  This 
is  called  a  Telford  foimdation  and  is  6  inches  or  more  thick. 
It  is  still  used  extensively  for  the  purpose  but  there  are  sub- 
stitutes for  it  which  have  come  into  use.  In  some  cases  from 
6  to  12  inches  of  coarse  gravel  or  small  field  stone  are  placed 
on  the  subgrade  and  rolled.  Still  another  type  of  drainage  foun- 
dation, developed  first  in  Massachusetts,  is  formed  by  excavating 
the  subgrade  to  a  V-shape  cross-section,  6  to  8  inches  deep 
at  the  sides  and  12  to  18  inches  deep  at  the  center,  and 
filling  this  with  field  stones,  the  largest  at  the  bottom.  With 
any  of  these  types,  there  should  be  an  outlet  every  50  feet  or  so 
from  the  lowest  part  of  the  foundation,  formed  by  cutting  a 
trench  through  the  shoulders  to  the  side  ditches  and  backfilling 
it  with  coarse  gravel  or  stone.  Even  when  the  road  is  not  on 
wet  land,  many  engineers  build  cross  drains  filled  with  stones  at 
50-foot  intervals  in  the  top  of  the  subgrade  of  gravel  and  mac- 
adam roads.  They  are  5  or  6  inches  deep  at  the  center  and 
are  at  right  angles  to  the  ditches  except  on  hills,  where  they  in- 
cline slightly  downhiU  from  the  center. 

In  many  parts  of  the  country  stone  or  gravel  is  unavailable 
for  such  drainage  work  and  dram  tile  has  been  employed.  It 
has  proved  successful  and  economical,  even  when  stone  could  be 
obtained,  provided  it  was  laid  properly.  Many  engineers  recom- 
mend using  drains  whenever  water  remains  in  the  ground  for  a 
considerable  period  of  time  within  3  feet  of  the  surface.  The 
reason  for  this  is  that  the  maintenance  of  a  well-drained  road 
is  easier  work  than  if  the  subgrade  is  soggy.  If  a  heavy  rainfall 
soaks  the  top  of  a  road  which  is  already  soft  below  the  surface, 
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heavy  loads  are  liable  to  rut  it  serioxisly,  because  it  will  take  much 
longer  to  dry  out  than  a  well  underdrained  road.  In  the  early 
spring,  when  the  water  in  the  ground  freezes  and  thaws  alter- 
J^t^Yf  good  underdrainage  is  particularly  useful  in  preventing 
the  upheaval  of  parts  of  the  road. 

The  influence  of  a  well-laid  line  of  drain  tile  upon  the  position 
of  the  upper  surface  of  the  ground-water,  called  the  ''water  table" 
by  many  engineers,  is  greater  than  many  persons  realize.  Prof. 
Ira  O.  Baker  has  reported  the  foUowing  experimental  proof 
of  the  extent  of  this  influence.  Lines  of  drain  tile  were  laid 
50  feet  apart  and  2^  feet  deep  in  a  field  notoriously  soggy 
and  heavy  on  account  of  the  presence  of  hardpan  which  held 
the  water  ''like  a  jug.''  Where  the  field  was  without  drainage 
the  water  rose  to  within  6  inches  of  the  surface.  Where  it 
was  drained,  the  water  level  midway  between  the  drains  was 
18  inches  below  the  surface,  showing  that  even  in  such 
very  heavy  soil,  the  top  surface  of  the  groimd-water  26  feet 
from  the  drain  was  only  1  foot  above  the  tile.  It  is  this  wide 
influence  of  good  drains  which  makes  the  effect  of  a  single  line  of 
deep-laid  tile  along  one  side  of  a  road  greater  than  that  of  shal- 
low lines  along  both  sides.  The  general  rule  of  agricultiu'al 
drainage  experts  is  to  place  drains  ION)  feet  apart  and  at  a  depth 
of  3)  to  4  feet. 

The  drain  is  best  laid  in  a  trench  below  the  ditch  at  the  side 
of  the  road  from  which  the  greatest  amount  of  ground-water  is 
expected.  Although  a  large  number  of  drains  laid  perfectly 
horizontal  for  long  distances  have  given  satisfactory  service,  it  is 
dedrable  to  give  them  a  uniform  slope  of  at  least  2  inches  per 
100  feet  if  possible.  This  is  a  somewhat  lower  minimiun  grade 
than  some  engineering  books  recommend,  but  is  warranted  by 
experience.  The  tile  should  not  be  smaller  than  4-inch,  and  if 
the  ground  contains  a  large  amount  of  water  and  the  outlets 
of  the  drains  are  far  apart,  larger  sizes  may  be  desirable,  partic- 
ularly in  level  country. 

TUe  should  not  be  laid  except  from  grade  lines  given  by  the 
engineer,  and  they  must  be  laid  accurately  to  line  and  grade. 
The  trench  to  receive  them  should  be  no  larger  than  is  necessary 
to  lay  them  properly  at  the  least  expense,  but  in  opening  a  trench 
it  is  sometimes  less  expensive  to  make  it  wider  than  required  for 
the  tile,  because  of  the  extra  cost  of  digging  in  a  veiy  narrow 
trench.  In  any  case  the  bottom  should  be  cut  very  carefully 
so  as  to  have  it  exactly  on  the  right  grade.  If  there  is  any  prob- 
ability that  the  bottom  will  settle  and  throw  the  tile  out  of  align- 
ment, a  4  by  1-inch  plank  is  sometimes  laid  to  support  the 
tile.  The  ends  of  the  tile  are  laid  touching.  Some  engineers 
recommend  covering  the  top  half  of  the  joint  with  tar  paper  or 
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burlap,  but  this  is  probably  unnecessary  if  the  trench  is  back- 
filled with  clean  gravel  or  broken  stone  from  1  to  4  inches 
in  size,  which  is  the  best  material  to  use.  In  any  case  the  fill- 
ing should  be  porous  and  placed  carefully  so  as  not  to  move  the 
tUe.  When  the  gravel  or  stone  filling  is  within  12  inches  of 
the  surface,  some  en^eers  cover  it  with  about  3  inches  of 
hay  or  straw  before  the  earth  filling  is  placed  to  form  the  bottom 
of  the  side  ditch. 

The  outlets  of  the  drains  should  be  constructed  with  special 
care,  because  they  are  particularly  liable  to  injury.  They  are 
preferably  made  of  stronger  pipe  than  agricultural  tile,  finnly 
supported  and  protected  at  the  end  by  a  substantial  wall  or 
facing.    A  drain  with  its  end  stopped  is  of  little  value. 

Pipe  drains  are  the  most  serviceable  type,  but  there  are  vari- 
ous substitutes.  One  of  these  is  a  covered  trough  of  rough  stone, 
another  is  a  similar  plank  trough,  and  another  is  merely  amass 
of  gravel  and  stones,  with  the  largest  pieces  at  the  bottom.  The 
drawback  of  all  of  these  is  that  they  tend  to  break  down  or  be- 
come clogged  with  fine  material,  which  can  not  enter  a  properly 
laid  tile  drain. 

Where  the  side  ditches  are  on  very  fiat  grades,  they  are  some- 
times drained  into  the  underdrains  at  intervals  of  about  0.1  mile 
by  blind  catch-basins.  These  are  merely  masses  of  coarse  gravel, 
stone  or  brickbats  reaching  from  the  bottom  of  the  ditch  to  the 
tile,  and  covered  at  the  top  by  a  low  pile  of  similar  material 
which  acts  as  a  screen.  By  this  means  the  side  ditches  need 
not  be  cut  so  deep  as  to  be  dangerous.  Where  the  side  ditches 
carry  large  quantities  of  water  which  must  be  drained  off  in  this 
manner,  large  drain  tiles  are  needed  and  open  brick  or  concrete 
inlets  like  those  used  on  sewerage  systems  may  be  used. 

Where  an  embankment  is  built  on  a  wet  side  hill,  the  latter 
must  first  be  imderdrained  thoroughly  to  prevent  slipping  of  the 
embankment.  When  an  embankment  in  such  a  locality  begins 
to  slip,  the  trouble  may  sometimes  be  remedied  by  digging  large, 
deep  intercepting  ditches  on  the  high  side,  leading  to  the  nearest 
culverts.  These  ditches  are  usually  filled  with  stone.  Any 
pockets  in  the  ground  near  the  uphill  toe  of  the  embankment,  in 
which  water  may  collect  and  soften  the  neighboring  earth  or  clay, 
should  be  filled. 

Size  of  Ctdoert  Openings  and  Bridge  Waterways 

The  waterway  to  be  provided  for  large  culverts  and  bridge 
openings  depends  upon  many  conditions,  which  have  been  stated 
as  follows  by  Prof.  A.  N.  Talbot: 


DBAINA6E,   CtTLVBRTS  AND   BRIDGBS  255 

1.  The  variation  of  the  rainfall  in  different  localities. 

2.  The  meagreness  of  rainfall  data,  since  records  are  gener- 
ally given  as  so  much  per  day  and  rarely  per  hour,  while  the  du- 
ration of  the  severe  storms  is  not  recorded. 

3.  The  melting  of  snow  with  a  heavy  rain. 

4.  The  permeability  of  the  surface  of  the  groimd,  depending 
upon  the  kind  of  soil,  condition  of  vegetation  and  cultivation,  etc. 

5.  The  degree  of  saturation  of  the  ground  and  the  amount 
of  evaporation. 

6.  The  character  and  inclination  of  the  surface  to  the  point 
where  the  water  accumulates  in  the  watercourse  proper. 

7.  The  inclination  or  slope  of  the  watercourse  to  the  point 
considered. 

8.  The  shape  of  the  area  drained  and  the  position  of  the  feed- 
ers. 

The  importance  of  this  item  will  be  seen  in  comparing  a  spoon- 
shaped  area  where  the  main  watercourse  is  fed  by  branches  from 
both  sides  so  arranged  that  water  from  the  whole  area  reaches  the 
culvert  at  the  same  time,  with  a  long,  narrow  basin  in  which, 
before  the  water  from  the  upper  part  reaches  the  opening,  the 
rainfall  from  the  lower  portion  has  been  carried  away  and  the 
severe  part  of  the  storm  is  past. 

While  there  are  three  formulas  giving  the  size  of  waterways 
for  drainage  areas  of  different  sizes,  it  is  generally  agreed  by 
en^neers  that  it  is  best  to  find  out  by  examination  and  inquiry 
if  possible  the  flood  heights  of  any  stream  that  is  crossed.  The 
condition  of  neighboring  culverts  and  bridge  openings  diu'ing 
floods  should  be  investigated,  and  the  nature  of  the  channel  of 
the  stream  and  the  character  of  its  drainage  basin  ascertained. 
Such  records  are  not  only  helpful  in  determining  the  size  of  the 
structure  under  consideration  but  are  of  value  in  showing  the 
degree  of  reliance  that  can  be  placed  on  a  waterway  formula. 

A  formula  widely  used  in  the  Central  States  was  proposed  in 
1887  by  Prof.  A.  N.  Talbot.  The  area  in  square  feet  of  the  net 
waterway  is  found  by  multiplying  the  three-fourths  power  of  the 
acres  drained  by  a  coefficient.  This  coefficient  was  taken  by 
Professor  Talbot  as  0.33  for  rolling  farming  land  subject  to  floods 
when  snow  melts  and  the  valley  drained  is  three  or  four  times  as 
long  as  it  is  wide,  0.16  to  0.2  in  districts  not  affected  by  snow  and 
with  the  valleys  several  times  longer  than  wide,  and  from  0.67  to 
1.0  for  steep,  rocky  groimd.  The  waterways  ^ven  by  this  for- 
mula are  stated  in  the  table  on  the  next  page. 
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Square  Feet  of  Waterway  Required  by  Taibot'i  Formula  for  Passing  the  Runoff 
from  Areas  Stated  of  Different  Classes  of  Land 
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IiSVBL 
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MOUN- 
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BOLUMO 
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■D 

LAND 
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LAND 

TAINOUt 

DBAXNSD 

LAND 

LAND 

LAND 

TAZNOVB 

10 

1.1 

2.3 

3.4 

4.5 

180 

9.8 

19.7 

29.5 

39.3 

20 

1.9 

3.8 

5.7 

7.6 

200 

10.6 

21.2 

31.8 

42.5 

30 

2.6 

5.1 

7.7 

10.2 

240 

12.2 

24.4 

36.6 

48.8 

40 

3.2 

6.4 

9.5 

12.7 

280 

13.7 

27.4 

46.1 

54.8 

50 

3.8 

7.5 

11.3 

15.0 

320 

15.1 

30.3 

45.4 

60.5 

60 

4.3 

8.6 

12.9 

17.2 

360 

16.5 

33.1 

49.6 

66.1 

70 

4.8 

9.7 

14.5 

19.4 

400 

17.9 

35.8 

53.7 

71.6 

80 

5.4 

10.7 

16.1 

21.4 

440 

19.2 

38.4 

57.6 

76.9 

90 

5.8 

11.7 

17.5 

23.4 

480 

20.6 

41.2 

61.8 

82.3 

100 

6.3 

12.6 

19.0 

25.3 

520 

21.8 

43.6 

65.3 

87.1 

120 

7.3 

14.5 

21.8 

29.0 

560 

23.0 

46.0 

69.1 

92.1 

140 

8.1 

16.3 

24.4 

32.6 

600 

24.2 

48.5 

72.7 

97.0 

160 

9.0 

18.0 

27.1 

36.1 

640 

25.4 

50.9 

76.3 

101.8 

About  1880  the  Santa  Fe  system  began  to  measure  accurately 
the  area  of  the  waterways  of  streams  during  floods  in  Missouri, 
Kansas,  Indian  Territory  and  Texas.  The  work  was  done  as 
carefully  as  possible  and  in  1897  the  results  were  summarized 
and  a  table  of  waterway  areas  issued  by  James  Dun,  chief  engi- 
neer of  the  system,  for  the  use  of  his  engineers.  The  collecting 
of  such  information  was  continued  after  that  date,  and  in  1906 
an  enlarged  table  was  printed  for  public  use,  which  is  extensively 
employ^  by  railway  and  highway  engineers  in  the  section  of  the 

Square  Feet  of  Waterway  Given  by  Dun's  Table  for  Passing  the  Runoff  from 
Areas  Stated;  Applicable  to  Missouri  and  Kansas 


Area,  square  mile 

Waterway,  square  feet. 


Area,  square  mile 

Waterway,  square  feet. 


Area,  square  mile 

Waterway,  square  feet. 

Area,  square  mile 

Waterway,  square  feet. 


Area,  square  mile 

Waterway,  square  feet. 


Area,  square  mile 

Waterway,  square  feet. 


Area,  square  mile 

Waterway,  square  feet. 


0.01 
2.0 

0.10 
16 

0.55 
70 

1.0 
100 

1.9 
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3.6 
357 

6.0 
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0. 
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1.03 
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0.60 
74 

1.1 
110 

2.0 
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3.8 
373 

6.5 
533 


0.65 
78 

1.2 
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2.2 
220 

4.0 
388 

7.0 
556 
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0. 
7.5 

0.25 
38 

0.70 
81 

1.3 
130 

2.4 
240 

4.2 
403 

7.5 
579 


1.05 
9.0 
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0. 
10.5 


0.300.35 
44     51 

0.75 
85 

1.4 
140 

2.6 
260 

4.4 
417 

8.0 
601 


0.80 
88 

1.5 
150 

2.8 
280 

4.6 
430 

8.5 
622 


.07 
12.0 


0.400.45 
561    62 

0.85|0.90 
94 


91 

1.6 
160 

3.0 
300 

4.8 
443 

9.0 
641 


080 


0. 
13.5 


1.7 
170 

3.2 
321 

5.0 
455 

9.5 
660 


.09 
15 


0.50 
66 

0.95 
97 

1.8 
180 

3.4 
340 

5.5 
483 

10.0 
679 
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country  mentioned.  A  portion  of  the  table  is  reproduced  here. 
Mr.  Dun  stated  that  it  did  not  give  waterways  large  enough  for 
the  floods  that  occurred  at  very  long  intervals  and  were  of  un- 
precedented severity,  for  which  he  did  not  consider  it  advisable 
for  provision  to  be  made.  He  recommended  waterways  60  to 
80  per  cent  as  large  as  those  tabulated  for  culverts  and  bridge 
openings  in  Illinois,  about  5  per  cent  larger  waterways  for  Texas 
when  the  areas  drained  exceeded  1  square  mile,  and  from  1^  to  Qi 
per  cent  smaller  waterways  in  New  Mexico  for  areas  exceeding 
1  square  mile. 

About  thirty  years  ago,  C.  C.  Wentworth,  of  the  engineering 
staff  of  the  Norfolk  &  Western  Railway,  made  a  careful  study 
of  the  area  of  the  culverts  which  had  proved  of  sufficient  size  on 
that  road,  and  found  that  for  drainage  basins  of  one  acre  and 
upward,  the  square  feet  of  culvert  cross-section  should  be  equal 
to  the  two-thirds  power  of  the  number  of  acres  drained.  This 
formula  has  been  used  for  many  years  on  that  railway  and  found 
entirely  satisfactory.  The  accompanying  table  gives  the  areas 
computed  by  it  for  a  number  of  drainage  districts.  These  re- 
lations hold  good  quite  generally  over  the  area  between  the  Blue 
Ridge  and  the  Ohio  River,  and  have  been  found  to  agree  with 
flood  discharges  in  Maine,  Connecticut,  and  New  York.  It 
has  been  suggested  that  with  rainfalls  of  less  intensity  or  flatter 
slopes  than  those  of  the  section  which  furnishes  the  data  on  which 
the  formula  is  based,  the  areas  of  necessary  waterways  may  be 
taken  at  some  percentage  of  those  given  by  the  formula. 

Square  Feet  of  Waterway  Required  to  Discharge  the  Ruru>fffrom  Areas  of  1 
to  99  AcreSt  Computed  by  the  Wentworth  Formula 
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11.3 

11.5 
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12.6 

12.7 
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50 
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13.8 
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14.1 

14.3 

14.5 

14.6 

14.8 
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15.1 

60 
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15.5 

15.7 

15.8 

16.0 

16.2 

16.3 

16.5 

16.7 

16.8 

70 
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17.2 

17.3 

17.4 

17.6 
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18.0 
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18.3 

18.4 

80 
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90 
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21.1 
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Cvlverta 

Ab  the  amoimt  of  water  to  be  carried  across  the  roadway  by  a 
culvert  is  usually  small,  the  majority  of  such  structures  are  made 
of  some  kind  of  pipe.    The  defects  which  such  culverts  develop 
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at  times  are  generally  due  to  lack  of  attention  to  features  essen- 
tial for  good  construction.  The  pipe  must  be  laid  on  a  perfect- 
ly firm  support.  If  the  trench  for  it  is  cut  too  low  and  must  be 
leveled  by  replacing  some  of  the  material,  the  latter  should  be 
consolidated  thoroughly  before  the  pix>e  is  laid,  and  as  it  takes 
considerable  time  to  do  this  properly,  it  pays  to  be  careful  to 
excavate  in  the  first  place  to  the  exact  grade.^  After  the  pipe 
has  been  laid  and  the  joints  filled  if  it  is  made  of  bell-and-spigot 
lengths,  the  backfilling  should  be  done  with  the  same  care  used 
in  good  sewerage  work.  The  earth  should  be  rammed  thorough- 
ly around  the  sides  of  the  pipe,  taking  care  not  to  disturb  it  in 
doing  this,  and  not  more  than  6  inches  of  earth  should  be  spread 
without  ramming.  The  2  feet  of  fill  immediately  over  the 
pipe  should  be  similarly  placed  in  6-inch  layers  and  rammed, 
and  while  the  material  above  this  need  not  be  placed  so  carefully 
it  should  be  thoroughly  consolidated. 

The  inlet  and  outlet  of  the  pipe  should  be  at  the  bottom  of  the 
ditches  it  connects  or  at  the  level  of  the  bed  of  the  brook  that  it 
carries  across  the  road.  Each  end  should  have  a  wall  or  facing 
resting  on  an  absolutely  firm  foundation  far  enough  below  the 
surface  to  remain  unaffected  by  frost  and  heavy  enough  to  hold 
back  the  bank  resting  against  it.  Concrete  makes  the  best 
facing,  but  substantial  masonry  and  heavy  planks  have  given 
good  service  when  properly  used.  By  locating  and  protecting 
the  ends  of  the  pipe  in  this  way  two  important  advantages  are 
gained,  first,  the  thorough  drainage  of  the  side  ditches  and, 
second,  the  prevention  of  imdercutting  of  the  ends  of  the  pipe. 
If  the  bottom  of  the  ditch  or  bed  of  the  brook  is  soft,  it  should  be 
paved  for  some  feet  above  and  below  the  culvert  to  prevent 
serious  erosion  during  severe  storms.  At  irregular  intervals 
several  years  apart  the  ditches  and  brooks  are  exceptionally 
flooded  and  the  water  is  liable  to  rise  above  the  top  of  the  pipe. 
If  the  culvert  has  been  constructed  as  just  recommended  no 
danger  need  be  feared,  for  the  road  will  act  as  a  dam  for  a  few 
hours  xmtil  these  excessive  quantities  of  water  are  discharged. 
A  poorly  built  culvert  is  likely  to  be  washed  out,  however,  and 
carry  part  of  the  road  with  it.  Standard  plans  for  culvert  head- 
walls  can  be  obtained  from  most  State  highway  departments  and 
from  the  United  States  Office  of  Public  Roads  and  Rural  Engineer- 
ing at  Washington. 

Where  a  pipe  culvert  is  carried  across  a  side-hill  road,  dis- 
charging on  the  outer  slope,  some  form  of  channel  is  often  neces- 
sary for  carrying  the  water  down  the  side  of  the  embankment 

^  If  the  sub-grade  is  so^gy  it  is  well  to  lay  the  pipe  on  a  concrete  floor 
running  from  the  foundation  of  one  headwall  to  that  of  the  other.  Bell 
joints  snould  be  laid  up-hill. 
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without  causing  erosion.  Gutters  of  rough  stone  paving,  con- 
crete channels  and  metal  troughs  have  all  been  used  for  this 
purpose. 

When  a  culvert  is  formed  of  two  pipes  laid  side  by  side,  which 
is  desirable  where  the  grades  are  very  flat,  or  the  bed  of  the  brook 
is  wide  and  the  depth  of  water  shallow  even  after  heavy  rains, 
jiarticular  care  must  be  exercised  in  consolidating  the  filling  be- 
tween the  pipes. 

In  a  few  places,  where  timber  is  abundant  and  cheap,  cul- 
verts of  heavy  plank  are  used,  but  at  the  best,  they  are  only 
temporary  structures,  and  it  is  \mwise  to  put  temporary  works 
which  are  costly  to  replace  in  a  roadway  graded  to  permanent 
lines.  The  same  is  true  of  box  culverts  of  dry  masonry,  with 
unpaved  bottoms.  Masonry  culverts  laid  carefully  in  cement 
mortar  are  rarely  so  cheap  as  permanent  pipe  or  concrete  cul- 
verts. Plans  and  instructions  for  building  concrete  culverts 
can  be  obtained  on  application  from  most  State  highway  de- 
partments and  from  the  United  States  Office  of  Public  Roads 
and  Rural  Engineering. 

Any  type  of  concrete  culvert  should  be  built  carefully  or 
frost  will  cause  trouble  with  it.  The  sand  and  gravel  or  broken 
stone  must  be  clean  and  graded  so  as  to  give  a  dense  mixture, 
and  the  mixing  of  the  mortar  must  be  thorough.  The  forms 
must  be  strong  and  tight  and  located  so  that  the  structure  will 
be  true  to  grade.  The  headwalls  in  particular  should  be  carried 
down  to  a  secure  foimdation,  and  piling  or  a  substantial  timber 
platform  should  be  used  to  carry  the  concrete  in  case  there  is 
any  doub^  whatever  of  the  supporting  power  of  the  underlying 
material. 

The  general  tendency  of  rapidly  flowing  streams  is  to  lower 
their  beds.  This  results  in  time  in  leaving  the  culvert  floor 
rather  high  for  the  natural  bed  of  the  stream  and  the  water  finds 
its  way  underneath.  A  substantial  cross  wall  at  the  outlet  end  of 
the  culvert,  carried  well  below  possible  wash,  is  effective  in  stox)- 
ping  this  class  of  under-cutting,  A  frozen  earth  floor  will  some- 
times act  like  a  plank  floor  in  causing  such  undercutting,  and 
hence  good  cross-walls  are  advisable  in  all  culverts,  whether 
floored  or  not.  If  the  channels  leading  to  or  from  a  culvert  are 
in  soft  material  liable  to  erosion,  they  should  be  paved  or  pro- 
tected by  brush  and  heavy  stones. 

Bridges 

Structures  with  a  clear  span  exceeding  6  feet  are  generally 
classed  as  bridges  and  should  be  permanent  improvements  on  any 
road  brought  to  final  grade  and  alignment.    There  has  been 


260  AMERICAN  HIGHWAY  ASSOCIATION 

such  great  waste  of  money  in  past  years  on  the  bridges  on  rural 
roads  that  the  highway  departments  of  most  states  have  prepared 
standard  plans  and  specifications  which  cover  most  needs  of 
local  road  ofiicials,  and  similar  standards  have  been  prepared 
by  the  United  States  Office  of  Public  Roads  and  Rural  Engi- 
neering. Structures  of  this  character  should  only  be  built  imder 
competent  engineering  supervision,  both  as  to  substructures  and 
superstructures.  There  is  an  unfortunate  tendency  on  the  part 
of  highway  commissions  to  endeavor  to  save  money  by  omitting 
desirable  precautions  such  as  piling,  which  insure  the  safety  of 
the  bridges  under  conditions  which  an  engineer  recognizes  as 
dangerous.  For  example,  an  imusually  heavy  rainfall  in  north- 
eastern Iowa  in  June,  1916,  washed  out  163  bridges.  Some  were 
old  structures  that  nmied  replacing  at  an  early  date,  but  others 
were  expensive  new  structures  of  good  design  and  construction 
except  for  the  fatal  omission  of  the  piling  under  the  foxmda- 
tions  which  was  recommended  by  the  engineers  but  left  out  to 
reduce  the  cost.  Not  a  bridge  built  according  to  the  standards 
of  the  State  highway  commission  was  damaged. 

There  are  many  bridges  which  have  been  in  service  for  a  long 
period  of  time  without  suflfering  any  injiu-y,  although  their  sub-* 
structures  are  in  streams  with  an  easily  eroded  bottom  and  banks. 
For  example,  the  Walhouding  aqueduct  on  the  Ohio  canal  system, 
built  about  1830,  has  four  piers  and  two  abutments  in  a  stream 
with  a  fairly  swift  current,  rising  suddenly  to  a  great  height. 
Both  its  banks  and  bed  near  the  aqueduct  are  rapidly  eroded 
unless  protected.  The  piers  and  abutments  rest  on  double  plat- 
forms of  hewn  timbers,  laid  crosswise  and  carried  by  piles  driven 
close  together  near  all  four  sides  of  each  base.  Brush  and  heavy 
stone  were  placed  on  the  river  bed  around  each  foundation  and 
a  row  of  strong  piles  was  driven  across  the  river  bed  just  below 
the  aqueduct  to  prevent  the  removal  of  the  brush  and  stones  by 
the  current.  Such  a  record  of  endurance  made  by  structures 
built  before  the  beginning  of  the  present  era  of  scientific  engi- 
neering shows  how  needless  are  most  of  the  washouts  of  expen- 
sive bridges  that  occur  every  year. 

As  bridges  on  improved  roads  should  be  permanent  struc- 
tiures,  they  should  be  designed  to  carry  a  heavy  roller  followed 
by  a  trailer  loaded  with  coal.  A  bridge  capable  of  supporting 
a  16-ton  roller  will  carry  any  of  the  heaviest  field  guns  now 
used  in  Europe. 

Money  is  saved  by  having  the  plans  and  specifications  for 
bridges  of  reinforced  concrete  or  steel  prepared  by  an  expe- 
rienced engineer,  so  that  all  bidders  on  its  construction  will  base 
their  estimates  on  the  same  structure  and  that  structure  will  be 
adapted  to  the  locality  and  service.    If  each  bidder  must  prepare 


CHAMPION  BRIDGB  COMPANY 
Steel  Highway  Bridges 

WILMIlfGTOir,  OHIO 
ATLANTA,  OA. 


YIRGINU  BRIDGE  &  IRON   CO. 
Steel  Bridges  and  Buildings 

Roanoke,  Va.    Memphis,  Tenn.    Atlanta,  Oa. 


New  Orleans,  La. 
Birmingham,  Oa. 


DenTer,  Colo. 
Charlotte,  N.  C. 


VINCENNES    BRIDGE   COMPANY 
Stractnral  Steelwork 

IKemtibiMt  Tenn.  Vlncennes,  Ind. 

Muskogee,  OUa. 


RIVERSIDE  BRIDGE  COMPANY 
Steel  Structures 

MARTINS  FBRRT,  OHIO 


Minneapolis  Steel  ft  Machinery  Co. 

STEEL  BRIDGES  FOR  THE  WEST 

Minneapolis,  Denrer 
Salt  Lake  Citjr         Helena  Spokane 


MILWAUKEE  BRIDGE   COMPANY 

Steel  Framed  Structures  of 
all  kinds 

MILWAUKEE,  WIS. 


Missouri  Vallbt  Bridgb  &  Iron  Co. 

Contractors  for  Bridge  Substructures 
and  Superstructures 

LEAVENWORTH,  KAN. 


FORT  PITT  BRIDGE  WORKS 
Steel  Bridges 

House  Building,  PITTSBURGH 

CHICAGO  NEW  YORK 

Fisher  Building  45  Broadway 


Mount  Vernon  Bridge  Co. 
Steel  Highway  Bridges 


MOUNT  VERNON 


OHIO 


PENN  BRIDGE  COMPAIfY 

STRUCTURAL   WORK    OF   EVERY 
DESCRIPTION 

BEAVER  FALLS,  PA. 


Eastern  Bridge  ft  Structural  Co. 

Bridges  and  Buildings 

worcester  mass. 


Berlin  Construction  Company 
Steel  Structural  Work 

BERLIN,  CONN. 
Springlkeld,  Mass.      New  York,  220  Broadway 


MoRAVA  Construction   Company 
Steel  Bridges 

S301-8457  STEWART  AVENUE 
CHICAGO 


KING  BRIDGE  COMPANY 


CLEVELAND,   OHIO 


Bellefontaine  Bridge  ft  Steel  Co. 

STEEL  BRIDGES  AND 
VUDUCTS 

BBULXFONTAnrS,  OHIO 


Bethlehem  Steel  Bridge  Corporation 

SOUTH  BETHLEHEM,  PAAt^t^lh 

New  York  Chioaco 

11  Broadway  PeopIoB  Gas  Bldg. 

Boston  Clereland                   . 

Ml  Milk  St.  1266  Ontario'St.  ~ 

Philadelphi*  San  Fiandaoo 

MoniaBklg.  CiookorBldc. 
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his  own  plans,  the  e3[pense  of  doing  so  is  added  to  the  cost  of  the 
fabrication  of  the  steel  and  the  erection  of  the  structure.  This 
makes  a  general  increase  in  the  cost  of  bridges  in  a  district  where 
the  practice  is  followed,  for  many  unsatisfactory  plans  must 
be  prepared  for  one  that  is  satisfactory.  Furthermore  the  com- 
mission awarding  the  contract  must  not  only  pick  out  the  lowest 
bidder  but  also  decide  which  is  the  best  plan,  which  may  not 
be  that  offered  at  the  lowest  price. 

In  level  country  where  a  stream  overflows  its  banks  during 
^heavy  floods  and  bridges  above  the  flood  level  require  long  expen- 
sive approaches,  what  are  known  as  overflow  bridges  are  coming 
into  quite  extensive  use.  They  are  structures  designed  to  be 
submerged  by  the  floods  and  to  offer  as  little  obstruction  as  pos- 
sible to  the  water  passing  over  them.  If  the  floods  are  likely 
to  caxry  large  quantities  of  brush,  the  bridges  are  kept  partic- 
ularly low  so  the  brush  will  pass  freely  over  them  when  they  are 
submerged.  The  roads  leading  to  a  number  of  such  bridges 
have  concrete  pavements  extending  to  the  limits  of  the  sub- 
merged areas,  for  earth,  gravel  and  broken  stone  roads  are  liable 
to  serious  injury  from  water  flowing  across  them.  As  ;the  injury 
to  overflowed  embankments  generally  starts  at  the  top  of  the 
downstream  slope,  the  latter  is  often  protected  against  scouring 
by  covering  it  with  heavy  stone.  Stone  with  rounded  edges  is 
less  suitable  for  this  purpose  than  stone  of  an  angular  shape, 
because  the  former  is  rolled  about  more  easily. 

Fords 

Where  money  is  limited,  the  cost  of  building  even  a  submerged 
bridge  is  heavy,  and  the  stream  to  be  crossed  is  shallow,  a  ford 
is  sometimes  constructed  as  a  serviceable  temporary  expedient. 
In  Washington  Coimty,  Utah,  for  example,  there  is  a  stream  with 
a  sandy  bottom  which  is  diy  at  some  seasons  and  dangerous 
during  floods  on  accoimt  of  the  treacherous  natiure  of  the  wet 
sand.  A  ford  has  been  constructed  which  consists  of  two  rubble 
walls  4  feet  deep  and  2  feet  wide,  with  a  2-foot  rubble  fill  between 
them.  The  entire  width  of  this  rubble  fill  from  one  wall  to  the 
other  is  20  feet,  and  the  stones  of  which  it  is  made  were  laid  in 
a  dense  mixture  of  sand  and  clay,  which  is  not  easily  washed  out 
of  the  voids  between  the  stones.  The  upstream  wall  was  laid 
dry  but  had  16  inches  of  clay  puddled  against  the  entire  depth 
of  its  outer  face.    The  downstream  wall  was  laid  in  lime  mortar. 

Near  Shelbyville,  Tennessee,  fords  have  been  made  passable 
at  all  times  by  constructing  a  number  of  parallel  culverts  close 
together  to  carry  the  usual  flow  of  the  stream  and  building  a 
concrete  roadway  over  these  culverts  to  give  a  safe  footing  for 
horses  and  a  secure  roadway  for  automobiles  during  high-water 
when  the  roadway  is  submerged. 
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As  a  very  large  proportion  of  our  country  roads  must  be  earth 
roads  for  many  years  and  the  basis  for  any  type  of  surfaced  high- 
way is  a  properly  located,  drained  and  graded  earth  road,  the  rela- 
tive importance  of  this  type  is  very  great.  If  earth  roads  were 
properly  constructed  and  maintained,  and  their  culverts  and 
bridges  were  permanent  structures,  a  large  part  of  the  road  taxes 
now  wasted  would  produce  useful  returns.  It  is  proper  for  both 
highway  commissions  and  en^neers  to  devote  a  large  part  of 
their  time  and  money  to  the  improvement  of  the  main  roads 
which  are  of  service  to  the  largest  number  of  taxpayers,  but  there 
is  a  deplorable  lack  of  efficiency  in  the  care  of  the  local  dirt  roads  in 
many  parts  of  the  country.  In  some  States,  of  which  New  York, 
Illinois  and  Iowa  are  examples,  these  roads  are  under  some  super- 
vision, directly  or  indirectly,  by  the  State  highway  department, 
but  generally  the  local  authorities  do  as  they  please.  For  in- 
stance, in  1916  there  were  71,000  miles  of  roads  in  Wisconsin  in 
sole  charge  of  local  officials,  who  spent  about  14,500,000  on  them. 
The  work  was  subdivided  among  nearly  13,000  road  districts, 
each  with  a  road  supervisor,  and  there  were  3750  members  of  town 
boards  with  general  control  over  road  work.  Of  these  16,750 
officials,  about  one-fifth  drop  out  of  office  annually.  During 
the  ten  years  ending  December  31,  1916,  nearly  50,000  men 
were  in  charge  of  local  road  work  and  over  $40,000,000  spent  by 
them,  with  few  perceptible  lasting  improvements.  A  system 
giving  such  results  is  manifestly  wrong,  and  should  be  replaced 
by  one  with  a  smaller  number  of  road  officials  having  greater 
authority  and  responsibilities  and  serving  longer  terms.  It  will 
seem  from  the  following  notes  that  the  construction  and  mainte- 
nance of  earth  roads  calls  for  executive  ability  and  skill  that  can- 
not be  obtained  unless  fair  permanence  in  office  is  assured. 

The  construction  of  earth  roads  falls  into  two  general  classes, 
that  where  there  are  cuts  and  fills  and  that  where  the  road  is  form- 
ed by  building  a  low  embankment  on  the  surface.  Except 
where  the  length  of  road  is  great  enough  to  use  elevating  graders 
with  economy,  these  two  classes  are  generally  built  by  (Afferent 
methods. 

^  Reviaed  by  W.  8.  Keller,  State  Highway  Engineer  of  Alabama. 
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Cuts  and  FUk 

In  grubbing  roots  and  breaking  hard  ground  to  a  shallow  depth, 
a  rooter  plow  is  often  used,  which  is  a  heavy  tsrpe  of  subsoil  plow 
made  for  the  purpose.  The  road  plow  is  a  heavy  form  of  turning 
plow  used  in  hard  ground  where  the  cuts  are  shallow.  Either 
type  is  drawn  by  four  to  eight  horses  or  a  tractor.  Plows  are 
also  specially  made  for  pushing  soil  already  loosened  from  ditches 
toward  the  center  of  the  road. 

When  the  cut  is  more  than  a  few  feet  in  depth  and  the  mate- 
rial loosened  with  difficulty^  it  is  often  blasted.  The  fastest  and 
most  economical  method  of  doing  this  is  to  sink  holes  across  the 
cut  on  a  line  back  from  the  face  a  distance  about  one-fourth 
greater  than  the  depth  of  the  cut  and  about  the  same  distance 
apart.  When  the  cut  is  6  feet  or  more  deep,  the  line  of  holes 
is  kept  about  6  feet  from  the  face  and  the  holes  are  simk  about 
6  feet  apart.  They  are  loaded  with  a  low-strength  explosive 
and  care  must  be  taken  not  to  loosen  the  ground  below  the  fin- 
ished grade  line.  The  use  of  explosives  in  road  grading  in  other 
material  than  rock  has  been  extending  rapidly  on  account  of  its 
low  cost  and  the  rapid  progress  that  can  be  made  under  suitable 
conditions,  for  the  blasts  leave  the  clay  or  hardpan  in  a  broken 
up  condition  making  it  easy  to  handle.  On  side-hill  cuts  in  heavy 
ground,  where  the  slope  is  steep  and  there  is  some  question  about 
the  secxuity  of  an  embankment  to  carry  the  outer  part  of  the 
road,  a  safe  roadway  can  often  be  blasted  out  of  the  lull  at  a  cost 
comparing  favorably  with  a  road  partly  supported  by  a  retain- 
ing wall.  Even  on  easier  slopes,  where  a  long  side-hill  cut  in 
heavy  ground  must  be  made  and  the  excavated  material  can  be 
employed  as  an  embankment  to  carry  the  outer  part  of  the  road- 
way, the  excavation  is  often  made  by  blasting.  Blasting  is 
also  an  effective  method  of  breaking  up  stump>s  and  boulders. 

Where  the  material  is  easily  handled  and  can  be  dumped  within 
100  feet  of  the  cut,  slip  scrapers  are  generally  regarded  as  the 
least  expensive  equipment.  The  Fresno  scraper  is  regarded  as 
better  than  the  slip  scraper  for  hauls  exceeding  100  feet.  If  the 
haul  exceeds  100  feet  and  is  under  1000  feet,  wheel  scrapers  are 
ranked  highly.  The  large  sizes  are  most  desirable  for  econ- 
omy on  hauls  over  600  feet.  The  material  is  usually  plowed  so 
the  wheelers  can  be  loaded  easily,  and  it  is  necessary  to  have 
about  one  of  them  for  every  100  feet  of  haul  in  order  to  work 
most  economically.  Bottom-dump  wagons  can  be  made  to  give 
very  low  hauling  costs  if  enough  are  provided  so  that  whUe  one  is 
being  loaded  at  the  cut,  the  ckiver  and  team  which  brought  it  in 
can  be  used  in  liauling  a  loaded  wagon. 

In  recent  years  traction  steam  shovels  have  been  growing  stead- 
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ily  in  favor  for  road  grading.  They  make  shallow  cuts  as  easily 
as  deep  cuts,  and  have  taken  out  earth  and  rock  at  very  low 
figures  when  the  equipment  for  removing  the  excavated  mate- 
rial was  properly  selected  and  used  so  as  to  keep  the  shovel  work- 
ing most  of  the  time.  The  economy  of  steam  shovel  operation 
depends  upon  the  proportion  of  the  working  day  that  it  is  ac- 
tuaUy  digging,  and  this  depends  upon  having  wagons  or  cars 
ready  to  receive  the  excavated  material.  The  wagons  or  cars 
may  often  be  run  along  the  top  of  the  bank  of  a  shallow  cut 
and  kept  moving  in  a  continuous  line,  saving  the  delay  of  turn- 
ing and  backing  up  to  the  shovel,  which  is  necessary  when 
they  move  over  the  graded  cut.  The  utility  of  a  shovel  on  road- 
work  is  increased  if  it  can  be  employed  in  a  gravel  pit  or  quarry 
when  not  grading. 

The  bottom  of  the  cut  should  be  carried  down  approximate- 
ly parallel  to  the  finished  cross-section,  and  care  shoidd  be  taken 
not  to  disturb  the  material  below  the  grade  line.  In  very  heavy 
groimd,  the  final  trimming  is  sometimes  done  by  hand,  but  gen- 
erally a  road  machine  can  be  used  to  advantage. 

Where  a  fill  is  made,  the  surface  must  be  cleared.  Stmnps 
should  be  grubbed  out^  and  all  large  material  liable  to  decay 
should  be  removed,  for  if  left  in  place  the  SU  will  settle  as  it  rots 
or  have  loose  places  likely  to  retain  moistiure.  If  the  fill  is  on 
a  steep  side-hill,  the  latter  should  be  cut  into  a  series  of  level 
benches  or  steps  and  the  drainage  should  receive  careful  atten- 
tion. If  the  hill  has  a  gentle  slope,  it  is  usually  sufficient  to  plow 
parallel  fiurows,  which  will  furnish  a  sufficiently  uneven  surface 
to  hold  the  fill.  The  object  in  any  case  is  to  imite  the  material 
in  the  bottom  of  the  embankment  with  that  of  the  hillside. 

If  the  road  will  be  maintained  as  an  earth  road  for  several 
years,  so  it  will  have  ample  time  to  become  consolidated  imder 
traffic  before  any  surfacing  is  applied,  there  is  usually  little  rea- 
son for  limiting  the  thickness  of  the  layers  in  which  the  embank- 
ment is  built.  But  if  a  surfacing  is  to  be  given  the  road  at  an 
early  date,  the  layers  should  not  exceed  2  feet  for  high  fills  and 
1  foot  for  low  fills.  The  teams  and  scrapers  moving  over  the 
fill  compact  it  to  some  extent.  Formerly  little  attention  was 
paid  to  smoothing  the  surface  of  the  layers,  but  of  late  this  has 
been  considered  important  in  some  states  and  drags  are  kept 
at  work  on  a  bank  a  large  part  of  the  time.  George  W.  Cooley, 
State  engineer  of  Minnesota,  has  explained  this  leveling  work 
as  follows: 

^  It  is  not  customary  in  the  South  to  require  green  stumps  and  roots  to 
be  grubbed  where  the  fill  over  their  tops  is  as  much  as  18  inches.  Any 
matter  in  process  of  decay  must  be  removed  but  a  green  stump  sealed  in  a 
fill  00  that  air  will  not  reach  it  lasts  forever. 
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In  Minnesota  the  plan  has  been  adopted  in  the  construction  of  earth 
roads  to  require  the  continual  use  of  a  drag  or  planer  on  grade  building. 
This  latter  plan  has  been  found  very  efficient  and  renders  future  work  on 
the  surface  less  expensive,  besides  tending  to  produce  a  more  compact 
road  bed.  The  tool  found  most  satisfactory  in  this  work  is  that  known 
as  the  ''Minnesota  road  plane/'  which  consists  of  the  two  blades  of  an  ordi- 
nary road  drag,  fixed  between  a  pair  of  runners  about  14  feet  lonp,  the  blades 
set  at  an  angle  of  about  60  degrees  to  the  runner  and  made  rigid  or  adjust- 
able as  may  be  deemed  best.  The  planer  is  hauled  on  a  line  parallel  witii 
the  axis  of  the  road  and  its  operation  is  similar  to  that  of  the  ordinary  drag, 
with  the  additional  advantage  of  making  a  smoother  surface.  The  old 
style  draff  without  runners  has  a  tendency,  especially  on  new  work,  to 
increase  the  waves  or  undulations  frequently  occurring  on  road  construc- 
tion, while  the  planer  eliminates  these  faults  and  as  a  general  maintenance 
tool  has  proved  the  most  satisfactory. 

All  embankments  settle  or  "shrink"  for  some  time  after  they 
have  been  built.  If  the  material  is  broken  into  small  pieces  and 
trampled  by  teams,  the  shrinkage  will  be  less  than  if  it  is  dimiped 
in  large  masses.  There  is  little  shrinkage  in  a  well-built  earth 
dam  to  impound  water,  but  road  embankments  need  not  be 
built  so  carefully,  and  it  is  probably  desirable  to  allow  for  at 
least  10  per  cent  shrinkage  of  embankments  over  3  feet  high  and 
at  least  15  per  cent  for  those  under  3  feet.  If  loamy  material  is 
used  in  the  embankments  the  shrinkage  will  probably  be  greater 
than  this. 

Grader  Work 

A  large  part  of  the  earth  roads  now  built  or  reconstructed  are 
made  with  road  machines.  These  are  built  in  many  sizes  for 
both  horse  and  tractor  hauling,  and  serve  a  variety  of  purposes 
in  an  economical  manner.  They  are  not  adapted  for  maJdng 
cuts  and  fills,  although  frequently  employed  in  shaping  a  road 
after  the  grading  has  been  done.  The  method  of  using  the 
machine  on  construction  is  explained  in  the  following  instruc- 
tions prepared  by  W.  S.  Gearhart,  State  engineer  of  Kansas: 

In  building  new  roads  with  a  road  grader  the  dead  weeds  and  grass 
should  first  be  burned  off  before  any  grading  work  is  done,  and  the  width 
of  the  road  to  be  graded  should  be  staked  so  the  ditches  can  be  properly 
lined  up.  Then  plow  a  light  furrow  with  the  point  of  the  grader  blade, 
carrying  the  rear  end  of  the  blade  well  elevated.^  On  the  second  round 
drive  the  wheels  in  line  with  the  point  along  the  hollow  made  the  first 
round,  plowing  a  full  furrow  with  the  advance  end  of  the  blade,  dropping 
the  rear  end  somewhat  lower  than  before.  The  third  time  move  toward 
the  middle  of  the  road  the  earth  previously  plowed,  then  return  to  the 
ditch  and  plow  it  out  deeper,  movmg  the  earth  toward  the  middle  when- 
ever as  much  has  been  plowed  as  the  machine  will  move  at  once.  Repeat 
this  process  until  the  dutches  are  the  proper  depth,  and  then  cut  off  the 
outer  slopes  of  the  ditches  by  placing  one  wheel  of  the  grader  in  the  bot- 
tom of  the  ditch  and  the  other  one  on  the  bank.    This  can  be  done  easily 

^  A  plow  is  necessary  in  breaking  up  the  ground  except  in  light  soils. 
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if  the  bank  is  not  more  than  30  inches  above  the  bottom  of  the  ditch.  Then 
trim  the  earth  to  the  true  cross-section.  Thoroughly  harrow  the  loose 
material  with  an  ordinary  straight-tooth  harrow  if  there  are  no  clods,  goine 
over  it  until  the  bumps  have  been  leveled  ofif,  the  low  places  filled  up  and 
the  material  well  compacted.  If  there  are  sods  or  tough  lumps  of  earth 
in  the  road  a  disk  harrow  should  be  used  to  pulverize  this  material,  and 
the  disk  harrow  should  be  followed  by  a  drag  or  a  straight-tooth  harrow 
to  level  and  smooth  the  road.  No  newly  graded  road  can  be  finished  in 
good  shape  without  using  either  the  harrow  or  the  drag,  or  both. 

In  the  later  rounds  of  a  road  machine,  in  the  final  shaping 
of  the  road,  part  of  the  loose  material  in  the  center  of  the  road 
is  pushed  back  to  the  shoulders.  The  settlement  on  fills  will 
result  in  losing  about  2  feet  in  the  width  of  the  roadway,  and  the 
fills  should  be  made  wider  than  the  standard  sections  to  allow 
for  this  loss.  In  doing  this  final  work,  the  blade  of  the  grader 
is  set  at  an  angle  of  about  45  degrees  with  the  direction  of  travel, 
its  ends  adjusted  to  the  slope  of  the  road,  and  lowered  as  a  whole 
on  successive  rounds. 

If  the  work  is  on  a  scale  large  enough  to  warrant  the  use  of  two 
graders  hauled  by  a  tractor  or  roller,  a  trained  grading  crew  is 
often  able  to  build  a  good  roadbed  at  very  low  cost.  Mechani- 
cal traction  has  resulted  in  the  development  of  methods  of  con- 
struction impracticable  when  teams  of  four  to  eight  horses  were 
employed,  and  as  a  general  proposition  mechanical  traction  is 
most  economical  when  the  sections  to  be  graded  are  a  quarter 
of  a  mile  or  more  long,  and  there  is  enough  work  in  the  vicinity 
to  keep  a  tractor  busy  most  of  the  time.^  Time  lost  in  standing 
idle  or  moving  long  distances  from  one  grading  job  to  another 
reduces  the  economical  advantage  of  a  tractor  on  work  not  well 
organized.  In  many  cases  the  hauling  is  done  by  a  road  roller. 
Tractors  and  rollers  are  particularly  good  investments  where 
labor  and  teams  are  hired  at  high  rates  and  not  always  obtainable. 
Mechanical  traction  is  so  much  more  powerful  and  rapid  than 
horse  traction,  that  its  total  saving  on  road  work  can  only  be 
figured  by  including  the  saving  in  labor  charges  due  to  speedy 
construction. 

Where  road  grading  is  carried  on  by  day  labor  by  district  offi- 
cials, preparation  is  sometimes  made  for  it  in  late  fall  or  early 
spring  by  plowing  up  the  ground  along  the  lines  of  the  ditches 
and  slopes.  This  disintegrates  the  sod  and  prevents  the  roots 
of  grass  and  weeds  from  forming  clods  which  must  be  broken 
up  by  disk  harrows  or  thrown  out  of  the  road  with  forks.  While 
it  is  allowable  to  build  an  embankment  on  good  sod  after  it  has 
been  burned  over,  neither  sod  nor  any  other  organic  material 

*  Traction  grading  with  heavy  road  machines  is  better  adapted  for  some 
conditions  than  others,  and  the  advice  of  an  experienced  engineer  should  be 
obtained  before  purchasing  expensive  equipment* 
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should  be  allowed  in  the  embankment  unless  reduced  to  small, 
disconnected  bits.  If  clods  are  left  in  a  fill,  particularly  in  the 
top,  it  is  very  difficult  to  maintain  by  dragging  a  hard,  imiform 
surface  free  from  depressions  and  waves. 

Grading  by  machines  is  often  followed  up  immediately  by 
hand  trimming  and  the  removal  of  loose  stone.  Easing  upon 
work  by  leaving  steep,  imtrimmed  slopes  and  uneven  ditches 
results  in  heavier  maintenance  expense. 

In  organizing  grader  work,  it  is  desirable  to  keep  on  hand  re- 
pair parts  of  the  machines,  such  as  blades  and  whiffletrees,  as 
well  as  plow  points  and  other  parts  of  the  equipment  likely  to 
wear  out.  The  small  tools  should  be  selected  with  care,  for 
observation  by  efficiency  specialists  has  shown  that  the  shape 
of  a  shovel,  for  example,  has  considerable  effect  on  the  amoimt 
of  shoveling  a  man  can  accomplish  in  a  day.  Hard  earth  cannot 
be  dug  economicaUy  by  the  shovel  best  adapted  for  loose  earth, 
and  neither  is  best  for  gravel  and  broken  stone. 

On  extensive  work  the  elevating  grader  has  proved  an  eco- 
nomical and  rapid  machine  when  a  imle  or  more  of  road  can  be 
traversed  without  turning  the  outfit.  Such  a  grader  is  often 
hauled  by  a  traction  engine,  which  rolls  the  material  it  passes 
over  and  thus  assists  materially  in  making  a  compact  road.  The 
method  of  using  the  grader  depends  upon  the  nature  of  the  work 
to  be  done.  In  cuts,  the  grader  often  discharges  the  excavated 
material  into  wagons  driven  beside  it  until  full.  These  wagons 
haul  the  material  to  the  nearest  fills.  In  light  cuts,  the  material 
is  deposited  on  the  roadway  and  moved  to  the  nearest  low  places 
in  the  road  by  slip  or  wheel  scrapers.  The  cut  is  usually  started 
at  the  shoulder  and  the  grader  moves  toward  the  roadside  on 
successive  rotmds,  so  that  the  excavated  material  is  deposited 
nearer  and  nearer  to  the  center  of  the  road  by  the  elevating  and 
discharging  device.  The  road  should  be  dragged  during  con- 
struction, and  as  soon  as  the  rough  grading  is  finished  it  should 
be  shap^  at  once.  In  this  connection  attention  is  called  to 
the  following  comment  by  the  Iowa  highway  commission: 

The  impassable  condition  to  which  some  contractors  and  county  road 
crews  reduce  their  roads  while  cuts,  fills  and  other  improvements  are  being 
carried  out,  is  absolutely  inexcusable.  The  worst  conditions  usually 
arise  at  leveling  or  smootning  up  while  dumping  is  in  progress.  The  dirt 
of  the  fill  so  dumped  packs  in  humps  so  that  sometimes  it  is  impracticable 
to  eradicate  the  unevenness  for  years.  A  little  care  in  spreadmg  the  dirt 
evenly  at  the  time  of  dumping  results  in  the  fill  packing  m  thin,  even  lay- 
ers instead  of  humps.  Such  a  road  is  travelable  during  construction, 
and  when  the  fill  is  completed  the  job  is  done.  A  Marshall  County  roaa 
crew  solved  the  problem  by  keeping  a  light  road  dras(  at  hand.  From  time 
to  time  a  team  was  unhooked  from  a  scraper  and  hitched  to  this.  A  few 
minutes  work  put  the  freshly  dumped  material  into  thin  layers  instead 
of  humps. 
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The  utility  of  a  road  roller  on  earth  roads  is  generally  under- 
estimated. After  the  earth  has  been  given  as  much  crown  as 
the  road  can  have  and  still  enable  the  traffic  to  use  its  entire  sur- 
face readily,  any  further  improvement  of  the  surface  drainage 
must  be  attained  by  decreasing  the  porosity  of  the  earth.  This 
can  be  done  by  oiling  the  road  as  described  later  in  the  section 
on  Siuf  ace  Applications,  and  by  reducing  the  pores  of  the  earth 
by  rolling.  The  latter  is  particularly  useful  in  compacting  places 
of  a  yielding  character.  Many  counties  have  piurchased  rollers, 
plac^  them  in  charge  of  competent  men,  and  rent  the  outfits 
to  the  townships  as  the  latter  need  them.  In  some  cases,  a  roller 
is  bought  by  a  mmiber  of  townships,  acting  as  a  whole.  The 
work  of  a  roller  outfit  is  likely  to  be  unnecessarily  expensive  if 
it  is  not  carefully  planned  so  as  to  avoid  long  journeys  to  do  small 
jobs. 

Dragging 

Earth  roads  under  light  traffic  can  be  kept  in  good  condition 
during  a  large  part  of  the  year  by  dragging  and  proper  care  of 
the  ditches.  It  is  an  axiom  in  road  maintenance  that  defects 
in  the  surface  of  a  road  should  be  remedied  as  soon  as  they 
appear,  because  traffic  will  develop  them  quickly.  The  earth 
road  is  particularly  subject  to  injury  because  it  does  not  have 
hard  stone  locked  in  place  to  resist  the  destructive  effect  of  horses' 
shoes,  narrow  tires  and  pneumatic  tires.  On  the  other  hand  it 
is  more  easily  repaired  than  any  other  road,  because  as  soon  as 
its  surface  is  wet  by  rain  the  ruts  and  holes  can  be  filled  by  haul- 
ing a  drag  over  the  surface.  This  scrapes  material  from  the 
high  points  into  the  depressions  and  rubs  down  the  whole  sur- 
face. The  following  explanation  of  the  natxure  of  the  improve- 
ment has  been  given  by  A.  R.  Hirst,  State  highway  engineer 
of  Wisconsin: 

Jf  a  sample  of  moifit  earth  ia  taken  from  the  traveled  portion  of  a  road 
oyer  a  gumoo,  clay  or  black  prairie  soil,  it  will  be  foimd  practically  imper- 
vious to  water,  as  may  be  proved  by  forming  a  rouehly  shaped  dish  of  damp 
earth  and  fillins  it  with  water.  It  will  be  noticed  that  the  dish  is  practi- 
cally water-tight.  Earth  in  this  condition  is  what  the  clay  workers  call 
puddled.  It  has  been  worked  and  reworked  by  the  carriage  wheels  and 
animals'  hoofs  until  nearly  all  the  traveled  portion  of  a  sticky  muddy 
road  is  covered  with  a  layer  of  this  impervious,  puddled  earth.  As  usually 
found  on  most  of  the  roads,  this  puddled  earth  is  full  of  holes  and  ruts, 
which  are  filled  with  water  that  cannot  escape  through  the  impervious 
soil.  As  long  as  the  water  remains  the  soil  cannot  dry  out  and  the  road 
is  kept  in  a  most  uncomfortable  if  not  impassable  condition.  It  is  also 
a  matter  of  observation  that  this  puddled  earth  when  compressed  and  dried 
becomes  extremely  hard.  On  these  two  facts,  the  imperviousness  of  pud- 
dled earth  and  its  hardness  when  dried,  rests  the  theory  of  road  dragging. 
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When  the  road  drag  is  properly  used  it  spreads  out  the  layer  of  imper- 
vious soil  over  the  surface  of  the  road,  filling  up  the  ruts  and  hollows  until 
a  smooth  surface  is  secured.  As  a  small  amount  of  material  is  always  to  be 
pushed  to  the  center,  a  slightly  rounded  effect  will  be  given  to  the  road, 
which  may  be  increased  or  decreased  as  desired  by  sul^quent  dragging. 
By  forcing  the  mud  into  the  hollows  and  ruts  it  is  evident  that  the  water 
must  go  out,  which  it  does  by  running  off  to  the  side  of  the  road.  The 
drying  out  of  the  road  is  thus  much  facilitated  and  the  road  is  made  imme- 
diately firmer  because  the  water  is  squeezed  out.  The  effect  of  traffic 
over  the  road  tends  to  press  down  and  thoroughly  compact  each  thin 
layer  of  puddled  earth  which  the  drag  spreads  over  the  suAace  every  time 
it  is  used.  After  the  first  few  draggings  it  will  be  noticed  that  the  road  is 
becoming  constantly  smoother  and  harder  so  that  the  effect  of  a  rain  is 
scarcely  noticeable,  the  water  running  off  the  surface  which  is  so  smooth 
and  hard  as  to  absorb  but  little  of  it. 

The  drag  is  an  old  implement.  It  was  described  in  a  book  by 
William  Gillespie  published  in  1861  and  widely  used  by  stu- 
dents of  engineering  and  public  officials,  yet  the  drag  did  not 
come  into  favor  until  about  1900.  Even  today  it  is  not  used  on 
more  than  a  small  percentage  of  the  roads  where  it  should  be 
employed  regularly.  It  has  a  number  of  forms,  the  essential 
feature  being  two  parallel  blades  held  vertically  or  nearly  so 
about  2J  feet  apart  by  a  frame  of  some  sort.  The  bottom  of 
each  blade  scrapes  over  the  surface  of  the  road.  The  rear  blade 
projects  12  to  16  inches  to  one  side  of  the  front  blade  so  that 
when  the  drag  is  pulled  at  an  angle  of  30  degrees,  the  ends  of  the 
blades  will  be  on  a  line  parallel  with  the  center  of  the  road.  The 
drag  is  hauled  by  a  chain,  to  which  the  team  can  be  hitched  at 
points  that  will  make  the  drag  lie  diagonally  on  the  road  as  it  is 
pulled  along.  The  manner  of  its  use  has  been  described  sub- 
stantially as  follows  by  the  United  States  Office  of  Public  Roads. 

Under  ordinary  circumstances  the  position  of  the  hitching  link  on  the 
draw  chain  should  be  such  that  the  runners  will  make  an  angle  of  from 
60  degrees  to  75  degrees  with  the  center  line  of  the  road,  or  in  other  words, 
a  skew  angle  of  from  15  degrees  to  30  degrees.  It  is  apparent  that  by 
shifting  the  position  of  the  hitching  link  the  angle  of  skew  may  be  in- 
creased or  diminished  as  the  conditions  require.  When  dragging  inmie- 
diately  over  ruts  or  down  the  center  of  the  road  after  the  sides  have  been 
dragged,  it  is  usually  preferable  to  have  the  hitching  link  at  the  center  of 
the  chain  and  to  run  the  drag  without  skew.  When  the.  principal  pur- 
pose of  the  dragging  is  to  increase  the  crown  of  the  road,  the  drag  should 
oe  sufficiently  skewed  to  discharge  all  material  as  rapidly  as  it  is  collected 
on  the  runners.  On  the  other  hand,  if  depressions  occur  in  the  road  sur- 
face, the  skew  may  perhaps  be  advantageously  reduced  to  a  niinimum,  thus 
enabling  the  operator  to  deposit  the  material  which  collects  in  front  of  the 
runners  at  such  points  as  he  desires  by  lifting  or  otherwise  manipulating 
the  drag.  It  is  impracticable  to  prescribe  even  an  approximate  rule  for 
fixing  the  length  of  hitch,  because  it  is  materially  affected  by  the  height 
of  the  team  and  the  arrangement  of  the  harness,  as  well  as  by  the  condi* 
tion  of  the  road  surface.  Experience  will  soon  teach  the  operator,  ho  wever, 
when  to  shorten  the  hitch  in  order  to  lessen  the  amount  of  cutting  done 
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bj  the  front  nmner  and  when  to  lengthen  it  in  order  to  produce  the  oppo- 
site effect.  Care  should  be  taken  that  a  ridge,  often  called  a  "potato 
ridge.*'  is  not  left  in  the  center  of  the  road. 

when  the  road  surface  is  sufficiently  hard  or  the  amount  of  material 
which  it  is  desired  to  have  the  drag  move  is  sufficient  to  warrant  the  oper- 
ator standing  upon  the  drag  while  it  is  in  operation,  he  can  greatly  facili- 
tate its  work  by  shifting  his  weight  at  proper  times.  For  example,  if  it  is 
desired  to  have  the  drag  discharge  more  rapidly,  the  operator  should  move 
toward  the  discharge  end  of  the  runners.  This  will  cause  the  ditch  end 
of  the  runners  to  swing  forward  and  thus  increase  the  skew  angle  of  the 
drag.  The  operator  maj,  of  course,  produce  the  opposite  effect  by  moving 
his  weight  in  the  opposite  direction.  In  the  same  way,  he  can  partially 
control  the  amount  of  cutting  which  the  drag  does  by  shifting  his  weight 
backward  or  forward,  as  the  case  may  be. 

The  rule  frequently  cited,  that  all  earth  roads  should  be  drag- 
ged immediately  after  every  rain,  is  in  many  cases  entirely  im- 
practicable and  is  also  very  misleading  because  of  the  conditions 
which  it  fails  to  contemplate.  It  is  trae  that  there  are  many 
road  surfaces  composed  of  earth  or  earthy  material  which  do 
not  become  very  muddy  under  traffic,  even  during  long  rainy 
seasons,  and  since  such  surfaces  iisually  tend  to  harden  very 
rapidly  as  soon  as  the  weather  clears  up,  it  may  be  desirable  to 
drag  roads  of  this  kind  immediately  after  a  rain.  Such  roads, 
however,  would  not  ordinarily  need  to  be  dragged  after  every 
rain,  because  of  the  strong  tendency  that  they  naturally  possess 
of  holding  their  shape.  On  the  other  hand,  many  varieties  of 
clay  and  soil  tend  to  become  very  muddy  under  only  light  traffic 
after  very  moderate  rains,  and  it  is  evident  that  roads  constructed 
of  such  materials  could  not  always  be  successfully  dragged  imme- 
diately after  a  rain.  Sometimes,  in  fact,  it  may  be  necessary 
to  wait  until  several  consecutive  clear  days  have  elapsed  aftar 
a  long  rainy  spell  before  the  road  is  sufficiently  dried  out  to  keep 
ruts  from  forming  ahnost  as  rapidly  as  they  can  be  filled  by  drag- 
ging. In  many  cases  of  this  land,  however,  it  is  possible  greatly 
to  improve  the  power  of  the  ro9,d  to  resist  the  destructive  action 
of  traffic  during  rainy  seasons  by  repeatedly  dragging  it  at  the 
proper  time. 

Maintenance  by  dragging  is  most  successful  when  well  organ- 
ized. The  results  obtained  by  good  management  in  Hopkins 
County,  Kentucky,  are  frequently  cited  as  indications  of  this, 
and  for  this  reason  the  following  account  of  the  work  there  is 
quoted  from  a  report  by  the  Kentucky  department  of  highways. 

In  1912  a  county  engineer  was  appointed.  The  county  roads  were 
measured  imder  his  supervision  and  2-mile  sections  designated,  and  in 
January,  1913,  drags  were  started  on  about  100  miles  of  the  coimty  roads. 
This  original  contract  was  only  for  dragging  the  roads,  which  work  was 
to  be  done  four  times  between  January  1  and  April  1^  at  a  cost  of  $10  to 
$12  per  mile.    As  the  sections  dragged  were  not  continuous,  the  citizens 
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at  once  appreciated  the  difference  between  the  maintained  road  and  that 
which  was  not  maintained.  Consequently  the  next  contract,  which 
called  for  dragging  and  also  for  cleaning  the  ditches  for  six  months,  until 
November,  1913,  resulted  in  contracts  for  150  miles  of  road  and  at  a  re- 
duced cost.  In  November,  1913,  a  contract  substantially  like  that  now 
in  use  was  adopted  and  the  time  of  the  contract  was  for  one  year,  or  until 
November,  1914.  Over  200  miles  were  maintained  this  year  at  an  average 
cost  of  $28  per  vear  per  mile.  For  the  y-ear  from  November,  1914,  to  No- 
vember, 1915,  the  benefit  of  the  maintamed  roads  was  so  well  understood 
by  the  citisens  that  560  miles  were  under  contract  at  an  average  cost  of 
$24.35  per  mile  per  year. 

In  November,  1915,  a  two-year  contract  was  entered  into,  which  the 
coimty  may  revoke  for  non-performance  of  the  obligation  at  the  end  of 
the  first  year.  About  520  miles  are  now  under  contract,  at  prices  ranging 
from  $12  to  $40  per  mile  i>er  year,  the  average  being  $22. 10.  It  is  expectea 
this  mileage  will  soon  be  increased.  Originally  a  contractor  was  allowed 
to  have  charge  of  8  miles,  but  now  he  is  not  allowed  to  contract  for  more 
than  4  miles  of  road.  Under  the  1915  contracts  the  contractor  must  trim 
the  branches  which  overhang  and  interfere  with  travel  on  the  roadway; 
keep  the  roadway  between  ditches  free  from  shrubbery  and  weeds;  keep 
the  ditches  clean,  free  from  obstructions,  and  at  all  times  capable  of  car- 
rying the  water.  "He  shall  by  June  1  each  year  grade  the  roads  with  dump 
scraper,  grader,  drag  and  ditcher,  or  in  any  way  he  may  see  fit,  so  that  the 
center  of  the  roadway  shall  be  crowned  so  that  the  water  will  flow  from  the 
center  of  the  road  to  the  side  ditches,  and  at  no  place  will  the  water  stand 
on  the  road  or  run  down  tne  road.  The  road  shall  be  dra^^ged  from  ditch 
to  ditch  at  each  dragging,  when  the  road  is  wet,  but  not  sticky.'' 

A  record  of  the  number  of  drasgings  is  kept  by  the  county  engineer 
on  cards  which,  before  mailing  by  the  contractor,  are  countersigned  by  the 
rural  route  carrier  or  a  reliable  citizen.  The  contractor  also  hauls  ma- 
terial and  constructs  all  culverts  and  bridges  of  10-foot  span  or  under,  and 
keeps  the  approaches  to  and  the  floors  and  abutments  of  all  bridges  and 
culverts  on  his  road  in  good  traveling  condition.  An  analysis  of  these 
contracts  shows  that  where  the  contract  has  been  faithfully  executed 
there  is  a  decrease  each  year  in  the  cost  per  mile,  mainly  because  the  far- 
mer contractor  has  learned  from  experience  that  continuous  maintenance 
makes  a  lower  cost  of  time  and  labor  each  succeeding  year. 

In  the  semi-arid  regions,  the  soil  is  often  of  a  very  light  nature, 
so  lacking  in  adhesive  qualities  that  strong  winds  or  flowing 
water  erode  it  and  travel  abrades  it  rapidly  into  fine  dust.  It  is  in 
its  best  condition  to  carry  travel  when  it  is  moist,  but  if  it  be- 
comes saturated  with  water  it  is  almost  impassable.  Chuck 
holes  a  foot  deep  are  formed  in  dry  weather  in  an  earth  road 
through  such  soil,  and  as  they  become  filled  with  light  dust  they 
are  a  serious  impediment  to  easy  travel.  Clay  or  gravel  con- 
taining clay  improves  the  roads  when  worked  into  them.  The 
ditches  should  be  wide  and  shallow,  rather  than  deep,  and  the 
crown  should  be  rather  low  for  an  earth  road,  in  order  to  retain 
moisture  in  the  roadbed.  For  the  same  reason,  all  grading  and 
ditching  are  best  done  just  before  or  during  the  rainy  season, 
in  order  to  have  plenty  of  water  to  pack  the  soil.  On  account 
of  the  pulverulent  nature  of  the  material,  the  ends  of  all  culverts 
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Mogul  and  Titan  Tractors 

Build  Roads  on  Kerosene 

FOR  years  International  Harvester  tractors  have 
been  used  in  building  roads  at  a  great  saving  of 
time  and  money.  We  can  refer  you  to  the  authorities 
in  scores  of  localities  who  are  enthusiastic  over  Mogul 
and  Titan  operation. 

Kerosene — that  is  the  big  reason.  This  Company  is 
attracting  much  attention  at  this  time  by  guaranteeing 
Mogul  and  Titan  tractors  to  work  satisfactorily  on 
kerosene.  These  are  the  sizes — sizes  for  all  road  making 
needs:  Mogul  8-16,  Titan  10-20,  Mogul  12-25,  and 
Titan  15-30. 

Where  the  road-work  budget  is  limited  those  tractors 
are  to  be  recommended  for  maximum  results,  distributing 
the  cost  over  the  most  miles 
possible.  They  are  of  best 
quality  material  and  construc- 
tion and  use  the  lowest-priced 
fuel.  Write  us  about  any  Mogul 
or  Titan  tractor. 

International    Harvester   Company   of    America 

(INCORPORATED) 

181  Harvester  Building  Chicago  USA 
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The  Garford  Road  Builder 

Designed  and  constructed  to  build  and  inBintain  roads 
at  lower  cost  than  ever  before 

It  operates  over  subgradea,  fills  and  roads  under  con- 
struction.   It  possesses  tremendous  power. 

Capacity,  5  cubic  yards — 6  tons. 

The  tailgate  opening  can  be  regulated  for  spreading 
of  material  to  desired  thickness. 

The  boiat  is  operated  by  hydraulic  pressure. 

And  the  entire  mechanism  is  controlled  from  the 
driver's  teat. 

Standard  equipment  includes  full  set  of  removable  cleats 
for  rear  wheels.  A  double  spring  drawbar  is  furnished  for 
pulling  trailers,  drags,  scarifiers,  planers,  graders  and 
other  road  machinery. 

Write  us  for  full  particuiars. 


During  the  last  eighteen  months  the  Garford  Motor 
Truck  Company  has  actively  co-operated  in  sixty 
good  roads  campaigns  throughout  the  TTnited  States 
and  in  good  roads  bond  issue  campaigns  involving 
from  a  quarter  of  a  million  to  three  million  dollars 
each. 


The  Garford  Motor  Truck  Company^  Lima,  Ohio 

Munifactunn  s(  Mstsr  Truck*  of  I,  lU,  2,  IH,  S  and  « ton  CsiHcltr 

THE  GARFORD  ROAD  BUILDER 

■»d  SvTts.  Station*  In  All  Lu^.  Cf  tU. 


Adjustable 

EVERYTHING  FOR  THE 

Leaning  Wheel 

ROAD  MAKER 

Road  Graders 

ROCK  CRUSHERS 

ROAD  GRADERS 

STEAM  ROAD  ROLLERS 

Guaranteed 

TANDEM  ROLLERS 

TO     MOVE     TWICE     AS 

OILING  MACHINERY 

MUCH  DIHT  AS  OTHEE 

HEATING  KETTLES 

GRADERS  OF  THE  SAME 

CONCRETE  MIXERS 

SIZE  WITH  SAME  POWER 

ROAD  DRAGS 

ROOTER  PLOWS 

COMPIBTE  CATALoaUB 

CAB  UNLOADERS 

ON  RBQVB8T 

GRAVEL  SCREENING  PLANTS 

CULVERT  PIPE 

A    Full     Lln«     of    Road 

Building  Equipment 

J.  D.  Adams  &  Go. 

The  Good  Roads  Machinery  Co. 

INDIANAPOLIS,  IND. 

KENNETT  SQUARE,  PA. 

Russell  Road  Machines 

Bi&  and  Little  Machine 

s— A  Size  For  Yonr  Job 

The  Mogul  :5?,'^rt;!'r^    Write  jpr    ^)^  ^^^'^^  ^^Si    \ 

with  iBTjiat  tnulon.    Weuht  TOOO  Ibt..      Big 
11  ft.  Blida,  Roi  Aile  shiTt  sod  adjiut-      f.   , 

1^1/      Wacom,    Surifiere,      Pluisn.    Plowi. 

Otfae      ^^f*^  CulvBTU,  SUei  BauD  Bridia. 

Ra>»)l  Gt>d.r  Mfg.  Co.,  Minneapolis,  K 

E 

1 

C 

linn..  Reprewntatwes  in  Principal  Gties 

Service 

MOTOR  TRUCKS 

The  name  means 
20  Per  Cent  Super-Strength 

in  the  frame,  drive  system,  motor 

and  all  parts  doing 

heavy  work. 

Repeat  orders  were  67%  of  1916 
sales  and  60%  in  1915. 

Sizes,  1,  H,  2,  3)  and  5  tons. 

A  3i-ton  truck  ie  built  specially 
for  country  road  construction. 

Write  for  particulars 

SERVICE  MOTOR  TRUCK  CO. 
Wabash,  Ind. 


WHITE 

GOOD  ROADS 

BOOK 

The  new  White  Good  Roads 
Book  contains  a  history  of 
the  actual  performance  of 
Good  Roads  Trucks  in  ser- 
vice, giving  data  to  show 
that  Counties  and  Townships 
have  reduced  the  cost  of 
road  building  and  mainten- 
ance by  more  than  50  per 
cent,  and  that  road  contrac- 
tors have  been  able  to  more 
than  meet  their  estimates  by 
using  White  Oood  Roads 
Trucks. 

THE  WHITE  COMPANY 
Cleveland 


TRUCK  AND  TRACTOR 
TRAILERS 


Big,  powerful,  enduring — 
Armleder  Motor  Trucks  make 
splendid  records  in  the  gruel- 
ling service  c^  the  road  builder. 
Tum-Ton  Worm-Drive 

Thm-and-a-halt-ton 

THE  0.  ARMLEDER  COMPANY 

Twrifih.  Plum  and  Charic*  Smau 
CINCINNATI,  OHIO 


For  Road  Building  and 
All   Hauling    Purposes 

Thirty  different  models  from 
H  to  20  tons  capacity 

Boston  Trailer  Co. 

36  Bramficld  St.,  Boston,  Mass. 


Complete    Roadbuilding 
Outfits 

Scarifiers 

Rooters 

Graders 

Drags 

Crushing  Plants 

Screens 

Bins 

Rollers 

Traction  Engines 

Sprinklers 


ALL   CONFORM   TO  THE  CASE 
HIGH  STANDARD  OF  QUALITY 


J.  I.  Case  T.  M.  Co.,  Inc. 


Racine,  Wis. 


Sturdy    Power    for 
Big  Jobs 

Hauling  big  loads  of  gravel, 
stone,  sand,  cement  and 
brick  is  .what  they  are 

United  Trucks 

are  built  for.  With  their 
dumping  bodies  and  hy- 
draulic hoists  imloading 
is  rapid;  2,  3 J,  4  and 
5  Tons. 

United  Motors  Co. 

Grand  Rapids,  Mich. 


(( 


Avery 

Light  -Weight 

Tractors 


Six  Sizes 

From  5/10  to  40/80  H.  P, 

Bum  either 

Kerosene  or  Gasoline 

Made  by 

AVERY  CO. 

Peoria,  Illinois 


62  PER  CENT 
of  all 

Federal    Truck 

Sales  are 
REPEAT  ORDERS 

Trucks,  like  men,  receive 
recognition  for  faithful  serv- 
ice performed. 

Ask  for  our  monthly  * 'Federal 
TraflBc  News"  and  the  advice  of 
our  traflSc  experts  in  choosing 
your  next  truck. 

Federal  Motor  Truck  Co. 

Detroit,  Mich. 
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must  be  planned  carefully  and  riprap  or  some  other  material 
placed  to  prevent  erosion  about  the  inlets  and  outlets.  The  main 
problem  with  earth  roads  in  such  soils  is  to  keep  the  roadbed 
damp  and  to  incorporate  with  it  adhesive  or  fibrous  material 
which  will  act  as  a  binder. 

SandrClay  Roads 

The  grains  of  which  sand  is  composed  are  usually  hard  and 
tough  and  able  to  resist  abrasion  if  held  securely  in  place.  In 
an  asphalt  pavement  they  are  held  by  the  asphalt  and  a  wearing 
surface  of  great  resistance  to  abrasion  results.  In  a  sand-clay 
road  they  are  boimd  together  by  clay  in  a  less  firm  manner  but 
one  giving  excellent  results  on  well-drained  roads  ceirrying  light 
traffic.  The  aim  of  the  builder  of  such  a  road  is  to  employ  just 
enough  of  the  stickiest  clay  at  his  command  to  fill  the  pores  of 
the  sand  and  to  mix  these  materials  together  so  thoroughly  that 
there  are  neither  limips  of  clay  nor  pockets  of  loose  sand  left  in 
the  surfacing.  This  gives  the  maximum  amount  of  hard  sand 
to  carry  the  traffic  and  the  minimum  amount  of  clay  to  bind  it. 
More  sand  makes  a  less  durable  road  and  more  clay  makes  one 
which  becomes  soft  more  rapidly  when  wet. 

There  is  a  great  difference  in  the  value  of  different  clays  for 
such  work.  Some  of  them  become  dough-like  when  mixed  with 
a  certain  amoimt  of  water  and  can  be  molded  into  objects  which 
retain  their  sQiape  after  drying.  If  these  molded  objects  are  im- 
mersed in  water  they  will  retain  their  form  for  a  long  time.  These 
varieties  are  called  ''plastic  clays''  and  the  most  plastic  are  call- 
ed "ball  clays."  There  are  other  varieties  which  fall  to  pieces 
more  or  less  quickly  when  wet,  as  quicklime  does,  and  they  are 
therefore  called  "slaking  clays."  They  are  more  easily  mixed 
with  sand  than  the  plastic  clays  but  they  have  much  less  bind- 
ing power  and  a  road  built  with  them  is  less  durable  when  dry 
and  more  easily  rutted  when  wet.  The  amount  of  clay  to  be  used 
can  be  determined  by  a  simple  field  test  described  as  follows 
by  Andrew  P.  Anderson: 

From  typical  samples  of  each  of  the  available  clays,  test  mixtures, 
varying  by  one-half  part,  are  made  with  the  sand  so  that  each  clay  is  rep- 
resented by  a  set  of  mixtures  ranging  by  successive  steps  from  one  part 
sand  and  three  parts  clay  to  four  parts  sand  and  one  part  clay.  These 
are  worked  up  with  water  into  a  putty-like  mass  and  from  each  mix 
two  equal  quantities  are  taken  and  rolled  between  the  palms  of  the  hands 
into  reasonably  true  spheres,  labeled  and  placed  in  the  sun  to  dry.  When 
thoroughly  based,  a  set  of  spheres  representing  any  one  clay  is  placed  in 
a  flat  pan  or  dish  and  enough  water  poured  ^entlv  into  the  pan  to  cover 
them,  care  being  taken  not  to  pour  the  water  directly  on  the  samples.  Some 
samples  wiU  begin  to  disintegrate  immediately.    Those  breaking  down 
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most  slowly  contain  most  nearly  the  proper  proportion  of  sand  and  clay 
for  the  particular  materials.  The  relative  bmdmg  power  of  the  various 
clays  maj  then  be  determined  by  comparinij  the  hardness  and  resistance 
to  abrasion  of  the  various  drv  samples  having  the  correct  proportion  of 
sand  and  clay,  as  determined  oy  the  water  tests. 

In  February,  1917,  repreeentatiyes  of  21  state  highway  depart- 
ments and  of  the  U.  S.  Office  of  Public  Roads  recommended  the 
following  mixtures  for  hard,  medium  and  soft  classes  of  sand-clay 
roads. 

Hard  class:  Clay,  9  to  15  per  cent;  silt,  5  to  15  per  cent;  total 
sand  65  to  80  per  cent;  sand  retained  on  a  GOnnesh  sieve,  45  to 
60  per  cent. 

Medium  class:  Clay,  15  to  25  per  cent;  silt,  10  to  20  p^  cent; 
total  sand,  60  to  70  per  cent;  sand  retained  on  a  60-mesh  sieve, 
30  to  45  per  cent. 

Soft  class:  Clay,  10  to  25  per  cent;  silt,  10  to  20  per  cent; 
total  sand,  55  to  80  per  cent;  sand  retained  on  a  60-mesh  sieve, 
15  to  30  per  cent. 

By  clay  is  meant  material  separated  by  subsidence  through  water 
and  possessing  plastic  or  adhesive  properties;  it  is  generally  below 
0.01  mm.  in  diameta*.  By  silt  is  meant  the  fine  material  other 
than  clay  which  passes  a  200-me8h  sieve  and  is  generally  from  0.07 
to  0.01  mm.  in  diameter.  By  sand  is  meant  the  hard  material 
which  passes  a  10-mesh  sieve  and  is  retained  on  a  200-me^h  sieve, 
and  is  generally  from  1.85  to  0.07  mm.  in  diameter. 

The  larger  part  of  the  following  explanation  of  the  construc- 
tion of  sand-clay  roads  was  prepared  by  W.  8.  Keller,  State 
engineer  of  Alabama,  where  many  miles  of  sand-clay  roads  have 
been  built  and  are  giving  good  satisfaction: 

Every  farmer  who  lives  in  a  section  of  country  where  hoth  sand  and 
clay  are  prevalent,  is  more  than  likely  traveling  over  a  section  of  natural 
sand-clay  road  but  is  ignorant  of  the  fact,  fie  can  call  to  mind  some 
particular  spot  on  the  road  he  travels,  though  it  may  not  be  more  than  100 
feet  in  length,  that  is  always  good  ana  rarelv  requires  the  attention  of  the 
road  hands.  Good  drainage  will  be  no  tided  at  this  place  and  if  he  takes 
the  trouble  to  investigate,  he  will  find  that  a  good  mixture  of  sand  and 
clay  forms  the  wearing  surface.  If  this  100  feet  of  road  is  always  good 
then  the  entire  road  can  be  made  like  it  provided  man  will  take  advantage 
of  the  lesson  taught  by  nature  and  grade  the  road  so  that  the  drainage 
will  be  good  and  surface  the  balance  of  the  road  with  the  same  material. 
If  it  is  not  possible  to  find  this  ready  mixed  surfacing  material  convenient 
to  the  road  it  mav  be  possible  to  find  the  two  ingredients  in  close  proximity. 
In  case  the  road  after  grading  shows  an  excess  of  sand,  clay  should  be 
added,  or  in  case  clay  predominates,  sand  should  be  added  to  produce 
good  results.  There  are  four  general  ways  in  which  sand-clay  roads  may 
be  built: 

1.  Ready  mixed  sand  and  day  placed  on  clay,  sand  or  ordinary  foun- 
dation. 

2.  Sand  and  clay  placed  on  boU  foundation  and  mixed. 
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3.  Clay  hauled  on  a  sand  foundation  and  mixed  with  the  aand. 

4.  Sand  hauled  on  a  olay  foundation  and  mixed  with  the  clay. 
Taking  up  the  yarious  methods  in  order: 

1.  A  natural  mixture  of  sand  and  olay  can  often  be  found  where  the 
two  materials  are  found  separate.  The  most  important  point  is  to  know 
the  natural  mixture  when  seen.  The  very  best  guide  to  tliis  is  to  find  a 
natural  piece  of  good  road.  A  sample  from  the  best  of  this  good  section 
will,  by  comparisoui  indicate  what  is  required,  close  to  the  road  to  be  sur- 
faced. This  natural  mixture  of  sand  and  clay  can  be  noticed  where  red 
clay  and  sand  crop  out,  usually  well  up  in  the  hills,  having  in  ditches  and 
cuts  the  appearance  of  red  sandstone.  A  good  stratum  of  well  mixed 
sand  and  clay  will  stand  perpendicular  in  cuts  and  ditches,  resisting  ero- 
sion almost  as  well  as  sandstone.  A  test  of  the  best  natural  sand-clay 
mixtures  will  show  the  sand  forms  about  70  i>er  cent  of  the  whole.  Tlie 
test  is  very  simple.  Take  an  ordinary  medicine  i^ass,  measure  2  ounces 
of  the  mixture  into  the  glass  and  wash  out  the  dav.  Dry  the  remaining 
sand  and  measure  again  on  the  medicine  glass.  The  loss  will  be  the  amount 
of  clay  originally  contained  in  the  mass. 

Before  piacinfi|  any  sand-clay  on  the  road,  the  road  should  be  graded 
to  the  desired  width.  The  surface  of  the  graded  road  should  be  flat  or 
slij^htly  convex.  The  sand-clav  should  be  put  on  from  8  to  12  inches  in 
thickness,  depending  on  the  character  of  the  subgrade  or  foundation. 
With  a  hard  clay  for  foundation,  8  inches  of  sand  clay  will  suffice.  If  the 
subgrade  is  sand  it  is  well  to  put  on  as  much  as  12  inches  of  the  surfacing 
material.  After  a  few  hundred  feet  of  surfacing  material  has  been  plaoecL 
a  grading  machine  should  be  run  over  it  to  smooth  and  crown  the  road 
surface  before  the  top  becomes  hard  and  resists  the  cutting  of  the  blade. 
It  is  a  good  plan  to  turn  the  blade  of  the  machine  so  as  to  trim  the  edges 
of  the  surface  part,  discharging  the  excess  sand  and  clay  onto  the  earth 
shoulders.  After  one  round  trip  with  the  blade  turned  out,  the  remaining 
dress  work  with  the  machine  should  be  with  the  blade  turned  in,  with  the 
exception  of  one  trip  down  the  center  of  road  with  the  blade  at  right  angles 
to  the  axis  of  the  road  for  the  purpose  of  distributing  any  excess  of  mate- 
rial left  in  the  center. 

After  the  machine  worl^  it  is  well  to  follow  with  a  drag,  which  smooths 
any  rough  places  left  by  the  machine  and  leaves  the  road  with  a  smooth, 
even  surface.  A  sand-clay  road,  unlike  other  roads,  cannot  be  finished 
in  a  short  space  of  time.  It  can  be  left  in  an  apparently  finished  condi- 
tion with  a  nard  smooth  surface,  but  it  will  be  found  on  close  examina- 
tion that  the  hard  surface  is  in  reality  only  a  crust,  below  which  there  are 
several  inches  of  loose  material.  After  the  first  hard  rain  the  crust  soft- 
ens, the  road  becomes  bad  and  the  work  appears  to  be  a  failure.  This, 
however,  is  just  what  is  needed  to  make  it  eventually  good.  After  the 
surface  has  dried  until  the  mass  is  in  a  plastic  state,  it  should  be  dragged 
imtil  the  surface  is  once  more  smooth,  with  proper  crown,  and  shoulaoe 
kept  this  way  by  dragppbg  at  least  once  a  day  until  the  sun  has  baked  it 
hard  and  firm.  The  mistake  of  keeping  traffic  off  during  this  process  of 
resetting  should  not  be  made.  The  continuous  tamping  of  the  wheels  of 
wagons  and  hoofs  of  horses  is  just  what  is  needed  to  compact  the  sand« 
clay  into  a  homogeneous  mass.  The  ordinary  roller  is  not  very  effective 
in  this  work,  but  corrugated  rollers  have  given  excellent  results.  One 
type  which  is  widely  used  has  18  cast-iron  wheels  weii^iing  300  pounds 
each,  which  compress  the  bottom  of  the  mixture  first.  As  the  material 
becomes  more  and  more  compact  the  wheels  ride  hi^er  and  higher  and 
finally  tiie  surface  is  so  hard  that  the  roller  does  not  sink  into  it  at  all.  A 
drag  is  an  indispensable  machine  in  the  construction  of  any  kind  of  sand 
olay  road. 
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2.  Sand  and  clay  placed  on  a  soil  foundation  and  mixed.  This  is  nec- 
essary where  the  old  road  has  neither  a  sand  nor  clay  foundation  and  it 
is  impossible  to  find  the  two  ingredients  ready  mixed,  but  possible  to  get 
both  in  separate  state  near  at  hand.  The  clay  should  nrst  be  placed 
on  the  road  to  a  depth  of  4  inches  and  the  required  width.  It  is  not 
wise  to  place  more  thsu  a  few  hundred  lineal  feet  of  cla^  before  the 
sand  is  luiuledi  as  the  clay  rapidly  hardens  and  makes  the  mixing  process 
difficult.  After,  sav,  400  feet  of  clay  has  been  placed,  the  clay  should  be 
broken  by  means  of  a  plow  and  harrow,  if  it  has  become  hard,  and  sand  to 
a  depth  of  6  inches  placed  on  it.  This  should  be  plowed  and  harrowed  in 
thoroughly.  This  is  best  done  immediately  following  a  rain,  as  the  two 
can  be  more  satisfactorily  mixed.  The  traffic  aids  the  mixing  and  should 
be  encouraged  on  the  road.  After  the  mass  appears  to  be  well  mixed,  the 
road  shouldbe  properly  shaped,  as  previously  explained.  The  road  should 
be  given  watchtul  attention  ana  should  sand  or  mud  holes  appear,  a  second 
plowing  and  mixing  should  be  given  it. 

3.  Clay  hauled  on  a  sand  foundation  and  mixed  with  the  sand.  The 
mixing  process  is  similar  to  that  described  under  second  head.  It  is  only 
necessary  to  add  that  as  the  foundation  is  sand,  a  little  more  clay  will  be 
necessary  than  where  the  foundation  is  of  cla^r  or  soil. 

4.  Sand  luiuled  on  a  clay  foundation  and  mixed  with  clay.    The  clay 
foundation  should  be  plowed  to  a  depth  of  4  inches  and  harrowed  with  a 
disk  or  tooth  harrow  until  the  lumps  are  thoroughly  broken  or  pulver- 
ised.   Sand  should  then  be  added  to  a  depth  of  6  incnes  and  mixed  as  be- 
fore described. 

Sand  and  clay  can  be  mixed  best  when  wet,  but  as  most  road  construc- 
tion is  done  in  the  summer  months,  it  is  necessary  to  do  most  of  the  mix- 
ing dry  and  keep  the  road  in  shape  after  the  first  two  or  three  rains,  while 
the  passing  wagons  and  vehicles  give  the  road  a  final  wet  mixing.  A  sand- 
clay  road  IS  the  cheapest  road  to  maintain,  for  the  reason  that  it  can  be 
repaired  with  its  own  material.  With  a  drag  or  grading  machine  ruts 
can  be  filled  with  material  scraped  from  the  edges,  whereas  on  gravel  or 
macadam  roads,  this  is  not  possible.  The  repairing  of  these  roads  c&n  be 
done  almost  exclusively  witn  the  drag,  only  enou^b  hand  work  being  re- 
quired to  keep  the  gutters  open  and  the  growth  of  weeds  cut  on  the  should- 
ers. Holes  are  repaired  by  adding  more  sand-cl&y ,  and  when  many  of  them 
appear  fresh  sand-clav  should  be  spread  over  the  surface  of  the  road.  If 
tne  road  gets  into  really  bad  condition,  the  roadbed  should  be  plowed  up. 
reshaped  and  fresh  sand-clay  added.  This  is  unnecessary  where  the  road 
is  maintained  properly  and  the  travel  is  not  too  heavy  for  the  type  of 
construction. 


GRAVEL  ROADS' 

At  the  close  of  1914,  45  per  cent,  of  the  surfaced  roads  in  the 
United  States  were  gravel  roads,  as  shown  in  detail  in  a  table  in 
Part  III  of  this  volxime.  The  presence  of  good  gravel  in  many 
parts  of  the  country  and  the  low  cost  of  constructing  and  main- 
taining gravel  roads  will  make  them  a  leading  type  for  many 
years  to  come. 

Some  gravels  are  much  better  for  road  construction  than 
others.  In  Michigan,  where  three-fifths  of  the  surfaced  roads 
are  built  of  gravel,  the  value  of  this  material  for  the  purpose 
is  held  to  vary  with  the  percentage  of  pebbles  in  it,  the  road- 
building  value  of  the  rock  of  which  the  pebbles  are  composed, 
and  the  cementing  properties  of  the  fine  material  mixed  with  the 
pebbles.  In  this  State  at  least  60  per  cent  by  weight  of  the 
gravel  for  state  reward  roads  must  be  pebbles  larger  than  ^-inch. 
No  pebbles  larger  than  2^  inches  are  used  in  the  bottom  of  the 
road  and  none  larger  than  1}  inches  in  the  top.  The  binder 
required  for  holding  the  pebbles  together  is  clay,  uniformly  mixed 
with  the  pebbles,  free  from  lumps,  and  amounting  to  not  over 
10  per  cent  of  the  total  weight  of  the  gravel. 

There  is  a  large  mileage  of  gravel  roads  in  New  Jersey,  and 
as  a  result  of  experience  with  them,  the  State  highway  depart- 
ment rejects  gravel  with  over  5  per  cent  retained  on  a  If-inch 
circular  opening  and  over  35  per  cent  retained  on  a  Hi^ch  cir^ 
cular  opening.  Three  grades  are  recognized.  Grade  A  is  a 
pebble  gravel  with  a  clay  binder  with  not  less  than  25  nor  more 
than  35  per  cent  retained  on  a  J-inch  circular  opening,  not  less 
than  40  nor  more  than  60  per  cent  retained  on  a  10-mesh  sieve, 
not  less  than  8  nor  more  than  20  per  cent  passing  a  200-mesh 
sieve,  and  the  balance  a  fairly  well  graded  sand.  Grade  B  is  a 
sandy  gravel  depending  upon  oxide  of  iron  for  its  cementing 
properties,  with  20  to  &  per  cent  retained  on  a  10-mesh  sieve 
and  10  to  25  per  cent  passing  a  200-mesh  sieve.  Of  this  material 
passing  a  200-mesh  sieve,  at  least  40  per  cent  must  be  soluble 
in  a  1:3  dilution  of  hydrochloric  acid.  Grade  C  is  gravel  which 
does  not  fall  imder  either  of  the  previously  mentioned  grades  but  is 
approved  by  the  engineer  for  the  bottom  part  of  gravel  roads. 

^Revised  by  Frederio  E.  Everett,  State  Highway  Commissioner  of 
New  Hampshire. 
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In  IlliiioiSy  the  State  highway  department  requires  the  gravel 
to  be  rather  tinif ormly  graded  in  sise  from  fine  material  to  peb- 
bles that  will  just  pass  a  S^nch  ring,  and  not  over  15  per  cent 
of  the  mass  (exclusive  of  clay)  passing  a  |-inch  ring.  It  must 
not  contain  over  5  per  cent  of  loam  but  it  must  have  15  to  25 
per  cent  of  clay  by  dry  measure.  If  a  local  gravel  does  not  form 
a  good  bond,  the  contractor  must  supply  a  bonding  gravel  for  the 
top  }-inch  of  the  road.  All  of  this  material  must  pass  a  1-inch 
screen  and  contain  40  per  cent  of  pebbles  retained  on  a  i-inch 
screen  and  from  20  to  30  per  cent  of  clay  and  loam,  not  more 
than  5  per  cent  being  loam. 

The  variations  in  these  specifications  show  the  range  of  prop- 
erties of  the  materials  found  useful  by  experience.  Few  attempts 
have  been  made  to  prepare  a  general  specification  for  road  gravel 
on  this  account.  The  following  requirements  were  adopted  by  the 
American  Society  of  Municipal  Improvements  in  1916  and  re- 
commended by  the  Conmiittee  on  Materials  for  Road  Con- 
struction of  the  American  Society  of  Civil  Engineers: 

Two  mixtures  of  pavel,  sand  and  clay  shall  be  used,  hereinafter  desig- 
nated in  these  specifications  as  No.  1  product  (for  top  course)  and  No.  2 
product  (for  middle  and  bottom  courses.) 

No.  1  product  shall  consist  of  a  mixture  of  gravel,  sand  and  clay,  with 
the  proportions  of  the  various  sizes  as  follows:  All  to  pass  a  H-inch  screen 
and  to  have  at  least  60  and  not  more  than  75  per  cent  retained  on  a  i-inch 
screen;  at  least  25  and  not  more  than  75  per  cent  of  the  total  coarse  aggre- 
gate (material  over  i-inch  in  siie)  to  be  retained  on  a  f-inch  screen;  at 
Ibast  65  and  not  more  than  85  per  cent  of  the  total  fine  aggregate  (mate- 
rial under  i  inch  in  sise)  to  be  retained  on  a  200-mesh  sieve. 

No.  2  product  shall  consist  of  a  mixture  of  gravel,  sand  and  clay,  with 
the  proportions  of  the  various  sises  as  follows:  All  to  pass  a  2i-inch  screen 
and  to  nave  at  least  60  and  not  more  than  75  per  cent  retained  on  a  i-inch 
screen;  at  least  25  and  not  more  than  75  per  cent  of  the  total  coarse  aggre- 
gate to  be  retained  on  a  1-inch  screen:  at  least  65  and  not  more  than  85 
per  cent  of  the  total  fine  aggregate  to  be  retained  on  a  200-me8h  sieve. 

It  is  evident  that  the  most  useful  information  concerning  the 
value  of  any  gravel  for  road  work  is  obtained  by  examining  a 
road  built  of  it.  If  there  is  a  good  gravel  road  and  the  source 
of  this  gravel  is  not  known,  a  sample  of  the  gravel  can  be  imalyzed 
mechanically  by  a  portable  sand  tester,  and  the  gravel  deposits 
in  the  vicinity  tested  by  the  same  instrument  until  one  is  found 
showing  about  the  same  properties.  An  exact  agreement  should 
not  be  expected.  Tests  of  the  gravel  in  a  satisfactory  road  in 
the  State  of  Washington  and  of  the  material  in  the  pit  from 
which  it  was  obtained  gave  the  following  variations: 
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Meehameal  Analy$e9  of  IderUieal  Chaioel  Sampled  at  Fit  and  in  the  Road 


200  sievd 

100  sieve 

80  sieve 

50  sieve 

40  sieve 


4.1 

8.0 

6.6 

16.3 

13.1 


BOAD 


etfU 

6.4 
8.1 
4.7 
7.4 
6.9 


30  sieve 

20  sieve 

10  sieve 

8  sieve 

4  sieve 


FIT 


per  cent 

10.2 

14.7 

14.5 

2.6 

5.2 


BOAD 


6.5 

12.1 

12.7 

3.4 

9.5 


2  sieve 

}  inch 

1  inch 

11  inch 

If  inch 


RT 


JMT  ctni 

3.5 
1.2 


JMT  etfU 

8.3 
5.7 
1.9 
6.4 


Where  coarse  gravel  is  composed  of  rock  pebbles  giving  a 
cementitious  powder  some  engineers  consider  it  unwise  to  use 
enough  clay  binder  to  fill  the  voids.  If  roads  of  coarse  gravel 
bound  with  a  large  amount  of  clay  are  used  by  many  automobiles 
the  pebbles  become  dislodged  and  the  road  does  not  become  hard, 
it  is  claimed.  Consequently  these  engineers  prefer  to  use  a 
smaller  amount  of  clay  and  to  aUow  the  traffic  to  wear  down  the 
road  and  produce  the  necessary  binder  by  attrition  and  internal 
disintegration  of  the  mass  of  gravel.  This  process  makes  it  neces- 
sary to  maintain  the  road  carefully  for  some  time  after  its  com- 
pletion, but  is  stated  to  give  a  better  road  eventually  with  some 
classes  of  gravd. 

In  New  Elngland;  where  gravel  roads  have  been  built  extensive- 
ly»  it  is  generally  consider^  safe  to  use  on  roads  for  light  traffic 
the  gravel  from  any  pit  where  the  face  stands  vertical  and  has 
to  be  loosened  before  it  can  be  shoveled.  Other  gravels  usually 
have  to  be  supplied  with  a  binder.  It  is  always  desirable  to  make 
a  careful  search  for  all  deposits  of  gravel  and  an  examination 
of  the  quality  of  each  before  deciding  upon  the  deposit  to  use. 
In  Dubuque  County,  Iowa,  for  instance  several  months  were 
spent  in  such  an  investigation  because  the  local  limestone^  was 
too  soft  for  road  use.  Finally  a  satisfactory  pit  was  found  1} 
miles  from  the  road  to  be  improved,  and  by  transporting  it  on 
a  light  narrow-gauge  railway  to  the  road  and  then  .distributing 
it  by  branches  of  this  railway  and  by  motor  trucks  and  dimip 
wagons,  its  cost  on  the  road  was  kept  down  to  a  satisfactory 
figure. 

Preparing  the  Gravel 

The  management  of  the  gravel  pit  should  receive  enough  study 
and  attention  to  make  siu'e  that  the  material  is  delivered  to  the 
wagons  or  cars  at  the  lowest  cost.  The  organization  for  the 
purpose  will  depend  upon  the  location  of  the  pit,  the  quality  of 
the  gravel  and  the  quantity  of  material  to  be  taken  out.  Where 
there  is  only  a  small  percentage  of  the  gravel  which  is  over  Bite, 
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and  the  remainder  runs  a  uniformly  good  mixture,  the  large 
stones  can  be  removed  by  a  flat  gravel  screen,  or,  on  small  works, 
can  be  forked  out  during  loading.  It  is  not  always  necessary  to 
go  to  the  expense  of  screening.  With  a  good  foreman  in  the  pit 
it  may  be  possible  to  get  a  proper  mixture  of  the  material  from 
a  pit  where  the  gravel  lies  in  strata  of  different  sized  pebbles, 
provided  there  is  also  a  good  foreman  on  the  road,  so  that  the 
strippings,  if  any,  will  be  placed  on  the  shoulders  and  the  over- 
large  material  will  be  used  for  foundations  in  low  places. 

Where  there  is  a  considerable  proportion  of  overlarge  stone 
in  the  gravel  it  is  customary  to  set  up  a  crushing  and  screening 
plant  at  the  pit.  For  example,  Kane  Coimty,  Illinois,  has  an 
outfit  consisting  of  a  jaw  crusher,  screen,  elevator  and  storage 
bin  holding  15  cubic  yards.  The  gravel  is  first  screened,  because 
by  taking  out  the  material  of  suitable  size  for  road  work  only  the 
large  stone  is  fed  to  the  crusher  and  its  capacity  is  thereby  much 
increased.  The  presence  of  the  small  stone  in  the  crusher  tends 
to  clog  it  and  retard  the  breaking  of  the  large  stone.  The  screened 
and  crushed  material  is  discharged  by  gravity  from  the  bins  into 
the  5-yard  motor  trucks  which  are  used  for  delivering  it.  The 
pit  material  is  delivered  to  the  screen  by  a  belt  conveyor,  18 
inches  wide  and  40  feet  long.  One  end  of  the  belt  is  under  a  plat- 
form having  a  hopper  over  the  belt.  The  gravel  is  brought  by 
slip  scrapers  to  the  platform  and  dumped  through  the  hopper 
onto  the  conveyor. 

In  some  plants  of  this  character  the  gravel  is  run  over  a  bar 
screen  or  "grizzly"  which  holds  back  all  oversize  stone  and  delivers 
it  to  the  crusher.  This  keeps  the  large  stone  entirely  out  of  the 
screen.  In  Wisconsin  work  the  screen  has  ^inch  perforations 
for  the  first  half  of  its  length  and  l|-inch  perforations  for  the 
second  half,  giving  three  sizes  of  gravel.  The  jaws  of  the  crusher 
are  set  to  give  about  equal  parts  of  the  two  coarser  sizes  separated 
by  the  screen. 

As  the  pebbles  composing  gravel  are  rounded  and  do  not  lock 
together  as  well  as  broken  stone,  it  is  customary  to  use  somewhat 
smaller  sizes  of  gravel  than  of  crushed  stone.  Gravel  obtained  from 
beaches  and  rivers  is  usually  more  rotmded  than  that  from  pits 
and  consequently  may  not  be  so  good  for  roads,  unless  suitable 
binding  gravel  can  be  used  for  a  wearing  surface  or  limestone 
screenings  or  other  good  binding  material  can  be  used  with  it. 

PitHTun  Gravel  Roads 

Many  miles  of  gravel  roads  have  been  built  by  dumping  the 
gravel  on  the  roadbed,  spreading  it  roughly  and  allowing 
traffic  to  consolidate  it.    The  consolidation  is  a  tedious  process, 
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but  good  roads  often  result  in  the  end,  particularly  if  the  road 
is  kept  well  dragged  so  that  ruts  and  holes  are  prevented.  Bet- 
ter results  are  obtained,  however,  if  the  gravel  is  rolled  after  it 
is  spread.  The  loads  of  large  stone  should  be  dumped  at  the  low 
or  soft  places  on  the  roadbed.  In  deep,  mealy  sand,  the  sub- 
grade  is  sometimes  covered  with  marsh  hay,  wet  sand  or  fine 

Cubic  Yards  of  Loose  Gravel  Required  to  make  One  Mile  of  Road  of  Dif' 
fererU  Widths  and  Thicknesses,  Based  on  Table  of  Commissioner  of  Pub' 
lie  Roads  of  New  Jersey, 


IHIGKM 

rUS  OF  BOAD  ARBR  OONSOUDATlOir, 

XNCHaS 

WIDTH 

0 

7 

8 

0 

10 

11 

IS 

/«< 

e 

880 

1,027 

1,173 

1,320 

1,467 

1,613 

1,760 

7 

1,027 

1,198 

1,369 

1,540 

1,711 

1,882 

2,054 

8 

1,173 

1,369 

1,564 

1,760 

1,956 

2,151 

2,346 

0 

1,320 

1,540 

1,760 

1,980 

2,200 

2,420 

2,640 

10 

1,467 

1,711 

1,956 

2,200 

2,444 

2,689 

2,934 

11 

1,613 

1,882 

2,151 

2,420 

2,689 

2,958 

3,226 

12 

1,760 

2,053 

2,346 

2,640 

2,933 

3,227 

3,520 

13 

1,807 

2,224 

2,542 

2,860 

3,178 

3,496 

3,614 

14 

2,054 

2,396 

2,738 

3,060 

2,422 

3,764 

4,108 

15 

2,200 

2,567 

2,933 

3,300 

3,667 

4,033 

4,400 

16 

2,346 

2,738 

3,128 

3,520 

3,912 

4,302 

4,692 

17 

2,493 

2,909 

3,324 

3,740 

4,156 

4,571 

4,986 

18 

2,640 

3,060 

3,520 

3,960 

4,400 

4,840 

5,280 

19 

2,787 

3,250 

3,716 

4,180 

4,644 

5,109 

5,574 

20 

2,933 

3,422 

3,912 

4,400 

4,888 

5,378 

5,866 

Cubic  Yards  of  Crushed  Stone  or  Oravel  Required  to  Oive  Different  Depths 
when  Lying  Loose  on  One  Mile  of  Roadways  of  Different  Widths.  Based 
on  Table  of  Wisconsin  Highway  Commission, 


WIDTH  OV 

DBPIB  or  LOOSB  MATBBIAL,  IMCBBI 

1 

a 

l« 

3 

s 

4 

6 

• 

/•rt 

Ctt.  f^. 

eu.  fib. 

Ctt.  fib. 

cu.fdt. 

eu.wit. 

CU.ffi9. 

eu.ifit. 

CU.  f^. 

8 

130 

160 

195 

260 

391 

521 

652 

782 

9 

147 

180 

220 

294 

440 

687 

734 

880 

10 

163 

200 

244 

326 

489 

652 

816 

977 

12 

196 

240 

293 

392 

587 

783 

980 

1,171 

14 

218 

280 

342 

436 

684 

913 

1,141 

1,369 

15 

244 

300 

366 

488 

733 

979 

1,222 

1,466 

16 

261 

325 

391 

522 

782 

1,043 

1,304 

1,565 

18 

294 

367 

440 

588 

880 

1,174 

1,468 

1,760 

20 

326 

400 

488 

652 

978 

1,304 

1,632 

1,954 

22 

359 

440 

537 

718 

1,076 

1,434 

1,796 

2,148 

24 

392 

480 

584 

784 

1,174 

1,564 

1,960 

2,342 
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Weiifhi  in  Poundt  Per  Cubic  Yard  of  Sand  and  Qravel,    Pnnn  "Mineral 

Reeawcee  of  the  United  Statee,  1916." 


Alabama.. 
California. 
Florida. . . 
Illinois.... 
Indiana... 

Iowa 

Kentucky. 


2505 
2645 
2605 
2820 
2700 
2720 
2580 


2790 
2895 
2680 
3005 
2945 
2850 
2830 


•TAm 


Massachusetts 

Michigan 

Minnesota 

Missouri 

New  Jersey 

New  York 

Ohio 


9 


2710 
2895 
2865 
2680 
2600 
2590 
2700 


i 


2810 
2985 
2880 
2840 
2730 
2760 
2830 


■TATB 


Oregon 

Pennsylvania 

Texas 

Washin^on.. 
W.  Virginia. . 

Wisconsin 

Average 


2620 


i 


2880 


VI  l^'i^M 


2695 
2930 
2570 
2800 
2665 


2910 
3065 
2780 
2970 
2820 


Note:  The  average  weights  were  obtained  from  670  producers  of  sand 
and  560  producers  of  cravel  in  all  parts  of  the  country;  the  range  was 
from  2200  to  4000  pouncb  for  sand  ana  from  2200  to  4200  pounds  for  gravel. 
The  weii^ts  given  for  each  state  are  the  averages  of  the  reports  from  ten 
or  more  producers  in  that  State. 

brush  to  hold  the  gravel.  The  stone  should  be  well  raked  and 
no  stone  larger  than  2  inches  should  be  allowed  in  the  top  of  the 
road. 

It  is  best  to  lay  the  gravel  in  two  courses,  each  5  or  6  inches 
thick  when  loose.  The  spreading  of  the  first  course  begins  at  the 
place  on  the  road  where  the  gravel  reaches  it  and  in  this  i¥ay 
the  material  is  consolidated  by  the  teaming  over  it.  When  this 
is  very  hard  work  enough  clay  is  sometimes  added  to  pack  the 
gravel.  Some  engineers  require  this  course  to  be  harrowed. 
It  is  desirable  to  shape  this  course  with  a  grading  machine  and 
roll  it,  but  if  the  equipment  is  not  available  it  can  be  improved 
by  using  a  drag  or  a  road  plane,  as  described  on  page  266. 

After  a  considerable  stretch  of  the  bottom  course  has  been 
finished,  the  second  course  can  be  started,  beginning  at  the  end 
farthest  from  the  gravel  pit,  so  as  to  have  the  teaming  do  as  much 
consolidation  work  on  the  bottom  course  as  possible.  Some 
engineers  require  the  entire  bottom  course  to  be  finished  before 
the  second  is  started.  It  is  best  to  harrow  the  second  course  be- 
cause pit-rtm  gravel  usually  needs  good  mixing  and  the  harrow 
will  bring  the  large  stones  to  the  surface,  so  they  can  be  thrown 
aside.  If  the  gravel  needs  a  binder  the  harrowing  will  help  to 
distribute  it  evenly.  If  too  much  clay  is  added  the  road  is  likely 
to  rut  in  wet  weather  and  be  dusty  in  dry  weather.  After  the  har- 
rowing, the  surface  is  shaped  with  a  grader,  if  one  is  available,  or  . 
with  a  drag  or  plane.  It  should  then  be  rolled,  and  with  some 
gravel  the  rolling  gives  the  best  results  if  the  road  is  first  wet. 

Gravel  is  a  suurfacing  material;  it  will  not  make  a  defective 
roadbed  good,  although  it  may  temporarily  improve  it.    Con- 
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sequently  it  is  best  to  allow  a  new  roadbed  to  be  used  as  an  earth 
road  for  a  year,  so  it  will  have  a  chance  to  settle.  If  it  is  kept 
well  dragged  during  this  seasoning  period,  it  will  become  hard 
enough  to  sustain  ti^e  gravel.  If  it  is  known  that  gravel  will  be 
placed  after  a  year's  use,  the  earth  road  should  be  dragged  to  a 
very  flat  crown,  in  order  to  prevent  too  much  crown  in  the  gravel 
road.  When  gravel  must  be  placed  on  a  fresh  roadbed,  it  is 
sometimes  advisable  to  lay  a  6-inch  course  and  allow  that  to 
become  consolidated  by  traffic  before  the  second  course  is  laid. 
If  there  are  any  defects  in  the  roadbed  they  wiU  become  apparent 
during  the  early  use  of  the  road  and  can  be  repaired  before  the 
completion  of  the  surfacing.  If  only  the  bottom  course  is  laid 
the  first  season  it  should  be  well  dragged,  for  inequalities  in  the 
bottom  coturse  are  usually  reproduced  in  the  upper  course,  no 
matter  how  carefully  the  latter  is  laid  and  shaped. 

There  are  two  methods  of  placing  gravel.  That  usually  em- 
plo3red  on  pit-run  gravel  roads  is  called  the  featherngdge  method. 
The  roadbed  to  receive  the  gravel  is  graded  to  a  very  small  crown 
and  the  gravel  is  spread  on  it  to  a  nearly  uniform  thickness  until 
within  about  12  inches  of  the  edge,  when  the  bed  is  sloped  off  to 
a  mere  row  of  pebbles  at  the  edge.  In  the  second  method  of  con- 
struction, a  shallow  trench,  sometimes  called  a  ''gravel  bed" 
or  a  "box,"  is  excavated  in  the  top  of  the  roadbed,  and  the  gravel 
deposited  in  it.  If  it  rains  this  trench  is  likely  to  become  muddy 
and  to  prevent  this  drainage  channels  should  be  cut  through 
the  shoulders  to  the  side  ditches.  Bank  gravel  will  become  con- 
solidated and  shed  water  more  quickly  than  stream  gravel  and 
it  is  better  suited  for  the  trench  method  in  consequence.  The 
feather-edge  method  is  less  expensive  and  more  easily  carried 
on  if  traffic  must  be  permitted  on  the  road  during  construction. 

The  following  explanation  of  the  construction  of  a  two-course 
feather-edge  gravel  road  was  written  by  H.  E.  Bilger,  road  engi- 
neer of  the  niinois  Highway  department: 

^  When  the  bonding  material  in  the  gravel  is  nor  entirely  satisfactory 
with  respect  to  both  quality  and  Quantity,  it  is  usu&llv  advisable  that 
two-course  construction  be  adoptea.  Whether  or  not  the  work  is  to  be 
done  by  contract,  it  is  im^rtant  that  there  be  used  some  positive  and 
accurate  method  of  determming  the  volume  of  mvel  delivered  upon  the 
roadbed.  There  are  several  methods  by  which  tnis  can  be  accomplished, 
but  experience  seems  to  indicate  that  by  the  use  of  temporary  side- 
board forms  the  desired  results  can  be  assured  and  this  method  is  not 
uneeonomical. 

Upon  the  satisfactory  completion  of  the  roadbed  there  should  be  set 
thereon,  true  to  line  and  grade,  temporary  side  forms  having  a  width 
equal  to  the  depth  of  the  loose  gravel,  which  should  be  shown  on  the  plans. 
These  boards  should  be  held  in  place  bv  stakes  at  such  intervals  as  will 
prevent  lateral  deflection  greater  than  about  3  inches  from  the  true  align- 
ment.    Whether  the  gravel  is  hauled  by  wagons^  motor  trucks,  industrial 


292  AMBRICAN  HIGHWAY  ASSOCIATION 

railways,  or  other  vehicles,  it  may  be  dumped  directly  upon  the  subi^rade. 
After  there  has  been  placed  upon  the  suDsrade  a  sufficient  quantity  of 
gravel  for  the  lower  half  of  the  road,  it  should  be  distributed  to  a  uniform 
depth  by  the  use  of  a  blade  grader,  drag  scraper,  or  otherwise.  While 
this  course  is  being  spread,  ail  the  larger  stone  should  be  raked  or  other- 
wise placed  directlv  m  contact  with  the  subgrade.  Upon  this  course  of 
gravel  there  should  be  placed  such  an  amount  of  bondmg  dapr  as  may  be 
necessary  in  order  that  the  gravel  will  comply  with  the  specifications. 

After  the  gravel  has  been  spread  it  should  be  thoroughly  harrowed 
several  times  over  until  the  cores  formed  by  dumping  it  have  been  entire- 
ly loosened  up  to  a  density  equal  to  that  in  the  other  portions  of  the  gravel. 
The  importance  of  this  thorough  harrowing  can  scarcely  be  overestimated, 
for  in  order  to  secure  the  results  it  is  essential  that  the  voids  in  the  gravel 
be  reduced  to  a  minimum,  which  means  that  a  maximum  density  of  mate- 
rial must  be  obtained,  and  this  density  is  closely  approached  by  harrowing 
until  the  pebbles  of  the  several  sizes  become  so  placed  as  to  occupy  the 
spaces  between  those  of  a  large  size.  The  cost  of  this  harrowing  as  com- 
pared with  the  results  obtained  is  practically  negligible,  and  if  necessary 
it  would  actually  be  more  advisable  to  do  away  with  the  rolling  and  retain 
the  harrowins  than  to  do  away  with  the  harrowing  and  retain  the  rolling. 
The  harrow  should  be  of  the  stiff  tooth  type,  and  should  have  metal  teeth 
at  least  1-inch  in  diameter,  extending  about  6  inches  below  the  frame. 
The  spacing  of  the  teeth  should  be  such  as  will  admit  of  the  free  passage 
of  the  stones  between  them,  and  yet  so  displace  them  as  to  produce  the 
density  desired.  The  design  of  tne  harrow  should  provide  a  weight  of 
from  8  to  12  pounds  upon  each  tooth. 

After  the  second  course  of  gravel  has  been  placed,  it  should  be  spread 
until  its  upper  surface  comes  nush  with  the  top  of  the  side  forms  and  its 
cross  section  conforms  to  that  desired.  The  forms  should  then  be  removed 
and  the  gravel  allowed  to  take  its  natural  position.  Upon  this  second 
course  there  should  be  distributed  the  necessary  quantity  of  bonding 
cla3r.  It  should  then  be  thoroughly  harrowed  several  times,  as  before, 
until  the  cores  formed  by  dumping  the  ^avel  have  been  entirely  loosened 
up  and  the  clay  has  been  uniformly  distributed  throughout.  The  har- 
rowing should  continue  until  a  uniform  density  of  material  is  obtained 
throughout  the  upper  course. 

Having  done  tnis,  the  earth  shoulders  should  be  shaped  by  the  nec- 
essary cutting  and  filling  until  the  cross  section  conforms  approximately 
to  the  finished  work.  Material  other  than  the  natural  eartn  should  not 
be  used  in  forming  these  shoulders,  and  all  vegetable  matter  should  be 
strictlv  prohibited  from  entering  into  the  work.  Upon  having  shaped  the 
shoulders,  the  graded  roadway  over  the  entire  width  should  be  rolled  sev- 
eral times  over  until  it  is  thoroughly  compacted,  forming  a  firm,  smooth 
surface,  free  from  waves  and  according  to  the  requirement  of  the  plans. 
The  rolling  should  besin  at  the  extreme  outer  edges  of  the  shoulders  and 
should  work  toward  the  center,  at  each  rolling  of  the  gravel  allowins  an 
overlap  of  one-half  of  the  width  of  one  of  the  rear  wheels,  and  each  wheel 
should  cover  the  entire  gravel  surface. 

Should  the  condition  of  the  gravel  or  its  bonding  material  be  such  as 
not  to  compact  readily  under  the  action  of  the  roller,  sprinkling  or  other 
means  should  be  employed  to  compact  the  gravel  as  the  engineer  may 
direct.  The  speed  of  the  roller  should  not  exceed  about  100  feet  per  min- 
ute. It  is  quite  probable  that  after  rolling  there  will  appear  either  on 
the  shoulders  or  the  gravel  certain  depressions  and  other  irregularities. 
To  correct  these  defects  suitable  material  should  be  added  or  removed 
and  they  should  then  be  reroUed.  The  finished  surface  should  conform 
to  the  cross  section  shown  on  the  plan  and  should  present  a  smooth  and 
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even  appearance.  Should  the  gravel,  with  its  natural  or  artificial  mixture 
of  bondinff  t\&y,  for  the  upi)er  4  inches  of  the  road,  be  of  such  character 
that  it  will  not  insure  a  satisfactory  wearing  surface  with  a  dense  body 
and  uniform  texture,  a  1-inch  coating  of  bonding  gravel  should  be  applied 
uniformlv  over  the  entire  surface  of  the  gravel  road.  This  bonding  i^avel 
should  then  be  raked  and  rolled  into  the  road  surface  until  all  the  inter- 
stices  are  filled  and  the  surface  is  smooth,  of  a  uniform  texture  and  free 
from  waves. 

Screened  Gravel  Roads 

In  some  States,  preference  is  given  to  gravel  roads  built  like 
macadam  roads,  the  gravel  being  screened  so  that  the  courses 
will  be  composed  of  material  of  different  sizes.  This  is  the  case  in 
Wisconsin,  for  instance.  In  that  State,  except  on  sandy  road- 
beds, construction  is  started  at  the  end  of  the  road  farth^  from 
the  gravel  supply,  when  screened  gravel  is  used,  because  the 
roller  can  be  run  continuously  without  interfering  with  the  teams 
bringing  the  gravel.  The  first  course  consists  of  material  from 
If  to  about  3  inches  in  size  spread  to  a  loose  depth  of  6  inches. 
The  voids  are  filled  with  gravel  under  |-inch  in  size  and  the  road 
is  then  rolled.  This  course  is  laid  for  a  distance  of  about  400 
feet,  and  the  second  course  is  then  started.  This  consists  of 
about  5  inches  of  }  to  If-inch  stone  with  the  voids  filled  like 
those  of  the  bottom  course.  The  surface  is  shaped  with  a  grader 
and  rolled  and  flushed  like  a  macadam  road. 

In  many  instances  better  results  are  obtained,  according  to 
J.  T.  Donaghey,  chief  inspector  of  the  Wisconsin  highway  com* 
mission,  by  crushing  the  gravel  fine  enough  for  practically  all 
the  material  to  pass  a  l}-inch  ring.  The  screen  is  partly  jack- 
eted so  that  just  enough  of  the  material  passing  the  f-inch  open- 
ings is  carried  into  the  |  to  If-inch  size  to  fill  the  voids  in  the 
latter.  This  mixture  is  used  in  both  the  bottom  and  top  courses 
and  results  in  a  type  of  road  which  Mr.  Donaghey  considers 
more  easily  built,  more  satisfactory  and  more  cheaply  maintained 
than  any  other  gravel  type.  Where  clay  is  added  to  assist  in 
binding  or  there  is  naturally  an  excessive  amount  of  clay  in  the 
gravel,  it  is  advisable  to  place  a  covering  of  sharp  sand  or  gravd 
on  the  finished  surface  to  protect  it  until  the  excess  clay  has  worked 
to  the  surface  and  washed  off. 

In  the  work  in  Eane  county,  Illinois,  to  which  reference  has 
already  been  made,  George  N.  Lamb,  county  superintendent  of 
highways,  places  the  lower  course  in  a  trench  or  box  and  rolls  it 
and  the  shoulders  until  there  is  no  difference  of  elevation  where 
they  meet.  The  second  course  is  then  placed  with  the  edges 
feathering  out  a  foot  or  two  over  the  shoulders. 

The  following  instructions  Tf or  preparing  the  subgrade  were 
issued  in  1914  by  the  Wisconsin  highway  commission: 
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Starting  at  the  deeired  point,  set  two  stakes  opposite  the  referenoe 
stake,  the  distance  between  them  being  the  width  oi  the  new  road.  To 
do  this,  refer  to  the  grade  sheet,  whioh  gives  the  distance  from  the  side 
stake  (placed  when  the  survey  was  made)  to  the  center  of  the  new  road. 
Subtract  from  this  distance  one-half  the  desired  width  of  road  and 
put  in  a  stake  with  inside  edge  at  this  distance  from  the  reference  stake. 
Opposite  this  stake  place  another  with  its  inside  edge  distant  the  width 
of  the  road  from  the  inside  ed(;e  of  the  first  one.  AU  stakes  forsubgrade 
should  be  made  of  }-inch  round  iron  about  24  inches  long,  and  about  twenty- 
five  should  be  kept  on  each  surfacinjs  job.  Stake  out  700  or  SOO  feet  at  a 
time.  Be  sure  that  the  stakes  are  m  line,  except  at  bends  or  on  curves. 
Usuallv  curves  will  have  to  be  staked  out  by  eye  to  get  good  results. 

With  a  road  plow  cut  as  close  to  the  inside  edge  of  stakes  as  possible 
withour  disturbing  them,  turning  the  furrow  toward  the  center  of  sub- 
grade.  Plow  about  5  inches  deep.  One  furrow  on  each  side  is  generally 
sufficient.  Plow  should  be  equipped  with  shoe  or  wheel  and  coultar.  ft 
a  rooter  is  used,  three  furrows  on  each  side  will  usually  be  necessary.  Make 
first  cut  about  5  inches  deep  as  close  to  stakes  as  possible,  the  next  6  inches 
nearer  the  center  of  the  road.  Drop  the  shoe  down  so  rooter  will  run 
about  3  inches  deep  for  the  third  cut,  working  6  inches  nearer  center  of 
subgrade  than  previous  furrow. 

A  light  Krader  that  can  be  handled  with  two  horses  is  best  for  shaping. 
Use  with  tne  blade  so  set  as  to  move  the  plowed  ground  from  the  center 
of  trench  or  subgrade  on  to  the  bank  outside  of  stake  line.  This  work 
cannot  be  accomplished  neatlv  with  the  grader  alone,  as  some  of  the  earth 
will  roll  back  into  the  trench  under  the  best  of  conditions.  Make  the 
trench  deep  enough.  The  depth  at  the  sides  should  be  at  least  the  total 
loose  depth  of  the  two  courses  of  material  and  more  than  this  on  sandy 
soils.  It  is  much  easier  to  throw  out  excess  material  with  the  road  grader 
after  the  surface  is  laid  than  it  is  to  bring  extra  material  up  from  the 
ditches  or  to  haul  it  in  by  wagons  during  the  finishing  when  the  trench  haa 
not  been  made  deep  enough  to  hold  the  stone.  Nothmff  is  more  essential 
than  a  ^ood  solid  shoulofer,  and  the  time  to  ^t  it  is  before  material  is 
placed  m  the  trench.  In  clay  soils  after  makmg  the  trench,  plow  drains 
through  the  shoulders  every  50  feet  on  both  sides  and  every  25  feet  at  low 
points  between  hills  and  immediately  clean  them  out  so  they  will  drain 
the  subgrade  in  case  of  rain. 

The  following  procedure  is  not  advised,  as  it  is  usually  the  most  expen- 
sive way  of  gettmg  shoulders.  If  the  road  has  once  been  covered  with 
crushed  stone  or  gravel,  and  it  is  not  desired  to  tear  up  the  old  surface, 
shoulders  can  be  brought  up  to  the  stakes  by  bringing;  in  dirt  with  the 
road  machine  from  the  side  banks  or  from  the  ditches  (if  the  latter  mate- 
rial is  fit  to  use),  or  can  be  hauled  in  with  wagons.  If  the  old  road  has  a 
crown  of  one  inch  to  the  foot,  it  will  take  approximately  1,I(X)  cubic  jards 
of  compacted  material  per  mile  to  build  up^mch  shoulders  and  retam  the 
minimum  width  of  20  feet  on  top.  The  cost  of  hauling  and  placing  this 
material  is  usually  very  much  greater  than  the  value  of  the  stone  or  gravel 
saved.  As  a  matter  of  fact,  no  material  is  wasted  if  the  subgrade  or  trench 
is  cut  in  the  old  surface^  the  stone  or  gravel  thrown  out  making;  an  excel- 
lent shoulder.  Failure  is  inevitable  if  an  attempt  is  made  to  build  a  gravel 
or  stone  road  with  a  heayv  roller  without  first  getting  proper  shoulders 
to  support  the  material  while  it  is  being  rolled. 

Straighten  up  stakes  and  drive  them  firmly.  Tie  a  chslk  or  binder 
twine  line  to  stakes  on  each  side  so  line  will  draw  on  inside  faces  of  stakes, 
drawing  it  tight.  It  is  usually  best  to  put  in  additional  stakes  at  50-foot 
points  so  this  line  will  not  sag.  These  lines  are  to  guide  the  laborer  in 
trimming  the  dboulders  so  the  edges  will  be  straight  and  the  grade  uni- 
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form.  On  a  9-foot  road,  if  theoe  lines  are  set  7  inehee  above  center  of 
subgrade,  they  will  be  1  foot  higher  than  the  bottom  of  trench  at  the 
shoulder.  On  a  15-foot  road  set  lines  6  inches  above  center  of  subgrade. 
They  will  then  be  one  foot  higher  than  the  bottom  of  trench  at  the  shoulder. 
The  blade  of  an  ordinary  square  point  dirt  shovel  is  1  foot  long  and  can  be 
used  by  the  laborer  to  tell  when  trench  is  deep  enough  at  sides  by  setting 
blade  of  shovel  up  to  line.  When  trench  is  finished,  it  should  run  with  a 
uniform  slope  from  center  to  edge.  Glean  out  drainage  trenches  through 
shoulders,  so  that  they  really  drain  out  from  the  trench.  This  will  keep 
the  trencn  from  filling  up  in  case  it  rains.  It  is  well  to  widen  the  trencn 
and  road  on  the  inside  of  curves,  and  to  elevate  the  outer  edge  of  curves. 
After  the  subgrade  has  been  properly  shaped  to  the  same  crown  (or. 
better,  a  slightly  greater  crown)  than  the  finished  road  is  to  have,  it  shoula 
be  rolled  until  hard,  especiallv  if  recently  filled.  Any  hollows  tnat  devel- 
op during  the  rolling  should  oe  filled.  Koll  enough,  but  stop  before  the 
top  layer  of  earth  starts  to  slip.  Wet  spots  in  the  subgrade  should  be 
shoveled  out,  filled  with  good  earth  or  cmders  and  rolled.  Don't  leave 
sink  holes  with  the  expectation  of  filling  them  with  crushed  stone.  They 
must  be  dug  out  and  refilled  with  good  material  if  a  firm  surface  is  to  ever 
be  gotten  at  that  point. 

In  spreading  gravel  or  broken  stone  many  en^^eers  place  on 
the  subgrade  wood  or  concrete  blocks  of  the  desired  loose  depth 
of  the  course.  In  Wisconsin,  however,  the  material  is  spread  by 
requiring  a  load  to  cover  a  certain  length  and  width  of  surface. 
The  foreman  is  given  a  table  of  the  length  of  9-foot  road  which 
loads  of  different  sizes  will  cover  and  the  spreader  is  required  to 

Length  of  Road  in  Linear  Feel  Which  a  Load  of  Stone  of  Given  Size  vriU 
Cover  to  the  Given  Loose  Depths,  .  Based  on  Table  of  Wisconsin  Highway 
Cofntnasston . 
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make  the  loads  cover  just  this  length.  When  this  method  is 
followed  it  is  convenient  to  have  the  loads  hauled  of  the  same 
size.  The  man  placed  in  charge  of  the  spreading  should  be  se- 
lected carefully,  because  a  large  amount  of  money  can  be  wasted 
by  placing  too  much  material  on  the  road.  The  depth  of  the 
loose  material  should  be  checked  as  often  as  possible  on  this 
account. 

When  the  gravel  is  bought  by  weight  it  is  the  Wisconsin  rule 
to  take  the  weight  of  a  cubic  yard  of  pit  gravel  at  3000  poimds 
and  of  crushed  gravel  at  2650  poimds.  If  the  material  is  wet 
it  will  weigh  more  than  when  it  is  in  a  normal  condition  and  al- 
lowance should  be  made  for  this. 

Special  Binders 

Gravel  roads  are  now  being  built  for  quite  heavy  traffic  with 
binders  giving  greater  toughness  to  the  road  than  clay  or  rock 
powder  will  afford.  Examination  of  many  roads  after  several 
years  of  use  has  shown  that  there  is  less  lai^e  stone  and  more 
small  stone  in  them  than  when  they  were  built.  '  This  change 
is  considered  due  to  the  internal  disintegration  of  the  stone  by 
the  loads  coming  upon  it,  part  of  the  reduction  taking  place  when 
the  road  is  hea\Sy  rolled  during  construction  and  part  later  under 
heavy  travel.  The  special  binders  are  used  to  hold  the  stone  so 
firmly  together  that  after  the  rolling  of  the  road  there  will  be  no 
further  internal  disint^ration.  The  method  of  using  bituminous 
binders  for  this  purpose  is  explained  in  the  chapter  on  bitumi- 
nous roads,  and  the  method  of  using  glutrin  in  the  chapter  on 
broken  stone  roads. 

MaifUenance 

The  maintenance  of  gravel  roads  must  begin  immediately 
after  the  road  is  thrown  open  to  travel.  A  small  hole  in  a  gravel 
road,  imless  immediately  repaired,  soon  becomes  a  large  hole.  A 
few  large  holes  mean  a  ruined  road  and  a  large  expense  for  resur- 
facing. Furthermore  a  gravel  road,  no  matter  how  well  rolled, 
cannot  be  considered  finished  until  traffic  has  gone  over  it  and 
tested  every  part.  For  this  reason,  some  engineers  allow  triffic 
on  the  road  before  the  roller  has  left  it,  so  that  any  weak  places 
may  be  revealed  and  repaired  at  once  while  the  equipment  is 
still  at  hand.  The  rounded  pebbles  of  pit  gravel  do  not  inter- 
lock like  pieces  of  crushed  stone  but  are  usually  held  together 
by  a  clay  binder  which  is  not  so  strong  as  the  cementitious  pow- 
der from  some  classes  of  rock.  Until  travel  has  broken  down 
the  pebbles  and  furnished  rock  powder  which  will  act  with  the 
clay  and  form  a  rigid  mass,  a  gravel  road  is  not  so  firm  as  a  crushed 
stone  road  and  needs  more  maintenance. 
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The  gravel  roads  of  New  Hampshire  are  used  throughout  the 
summer  by  a  heavy  automobile  traffic,  particularly  on  Satur- 
days and  Sundays.  They  are  nevertheless  kept  in  good  condition 
by  the  patrol  system  of  maintenance  at  very  low  cost,  consider- 
ing the  destructive  use  to  which  they  are  subject.  Each  patrol- 
man has  a  section  for  which  he  is  responsible,  and  a  number  of 
sections  are  united  in  a  division  imder  the  general  supervision 
of  a  maintenance  foreman,  who  is  in  immediate  charge  of  all  main- 
tenance work  and  reports  to  the  division  engineer.  Each  patrol- 
man must  supply  a  horse  and  dump  cart,  shovel,  pick,  hoe, 
rake,  stone-hook,  axe,  iron  bar,  iron  chain  and  tamp.  Special 
tools  are  furnished  by  the  State  highway  department.  The  meth- 
ods of  maintainance  are  indicated  in  the  foUowii^  quotations 
from  the  instructions  issued  to  the  patrolmen: 

One  dragging  in  the  spring  is  worth  two  in  the  sununer.  It  is  better 
to  drag  a  mile  of  road  several  times  and  get  it  in  good  condition,  than  to 
drag  2  or  3  miles  and  not  finish  any  part  of  it.  Don't  drag  a  soft  section 
when  it  is  so  wet  that  the  first  vehicle  to  pass  will  rut  it  all  up.  First 
fill  the  holes  and  ruts  with  new  material  and  then  drag  as  the  surface  dries 
out.  Every  patrolman  should  have  material  dumped  in  small  piles  along 
the  side  of  his  section  so  that  on  a  rainy  day  he  can  at  once  fiu  all  holes 
and  ruts  in  which  water  is  collecting. 

When  the  weather  is  unsuitable  for  dragging,  as  during  a  dry  spell,  all 
patrolmen  should  cart  on  all  the  new  material  possible  in  order  to  fill  all 
ruts  and  holes  and  resurface  womnsections.  Carting  is  very  essential 
during  dry  periods  and  should  never  be  neglected.  Whenever  a  patrolman 
is  in  doubt  as  to  what  to  do  next  the  general  rule  is  to  cart  new  material, 
for  all  roads  are  wearing  out  under  travel  and  it  is  necessary  that  the 
surface  be  continually  renewed  to  take  the  place  of  the  old  material  that 
is  thrown  out  as  mud  or  blown  awav  as  dust. 

Save  all  the  sods,  leaves,  rubbish,  stones  and  refuse  that  you  clean  off 
your  road  and  dump  this  waste  material  in  places  where  the  bank  is  steep 
so  that  by  flattening  the  side  slope  there  will  be  no  need  of  a  guard-rail, 
or  dump  the  material  back  of  a  present  guard-rail  so  that  later  this  guard- 
rail can  be  removed. 

Oiling  gravel  roads  generally  requires  careful  preparation  of 
the  surface  because  the  large  amount  of  clay  binder  has  a  ten- 
dency to  interfere  with  the  formation  of  a  satisfactory  oiled 
surface.  Consequently  the  surface  should  be  thoroughly  cleaned 
and  a  comparatively  light  oil  used.  The  first  applications  are 
likely  to  be  disappointing,  but  if  holes  and  ruts  are  filled  promptly, 
two  or  three  applications  on  carefully  cleaned  surfaces  during 
the  first  year  will  eventually  give  a  good  wearing  surface,  pro- 
vided the  roadbed  and  gravel  have  been  thoroughly  consolidated 
and  the  traffic  is  not  too  heavy  for  this  type  of  road.  It  is  the 
general  opinion  at  present  that  surface  applications  should  not 
be  made  until  a  gravel  road  has  had  at  least  one  year's  service. 
The  methods  of  doing  the  work  are  given  in  a  later  chapter. 


WATER-BOUND  MACADAM  ROADS 

Water-bound  macadam  roads  are  adapted  to  highways  carry- 
ing moderate  traffic,  for  experience  shows  that  even  when  a  large 
part  of  the  traffic  is  motor-driven  this  type  of  construction  can 
be  maintained  successfully  by  surface  applications,  as  described 
in  a  later  chapter.  Where  a  gravel  road  is  not  quite  able  to  carry 
the  traffic,  a  macadam  top  course  on  a  gravel  base  has  been 
adopted  as  a  standard  t3rpe  by  the  highway  departments  of  a 
number  of  States.  The  following  statements  give  the  views 
regarding  water-bound  macadam  held  by  three  State  highway 
departments  having  a  large  mileage  of  it  under  their  charge: 

New  York:  The  department  is  still  building  a  large  mileage  of  water- 
bound  macadam.  Because  of  the  presence  of  local  material  and  other  fa- 
vorable conditions  this  is,  in  cost,  the  cheapest  durable  road  which  can  be 
built;  and  it  is  the  belief  of  the  department  that  on  all  roads  of  ordinary 
or  light  traffic  this  tjrpe  is  still  a  satisfactory  one  for  general  use.  Of 
course  this  type  must  have  surface  treatment  with  oil,  and  this  is  planned 
for  in  all  cases.    (Edwin  Duffey,  State  commissioner  of  highways,  1916.) 

Michigan'.  During  the  early  existence  of  the  department,  macadam 
roads  constituted  as  much  as  50  per  cent  of  the  mileage  constructed.  As 
the  use  of  the  automobile  became  more  widespread,  the  percentage  of 
macadam  roads  built  each  3rear  decreased,  owing  to  the  excessive  cost  of 
maintaining  this  type  under  the  automobile  traffic.  Within  the  past  two 
years,  however^  waterbound  macadam  roads  have  been  again  growing  in 
favor,  because  it  has  been  found  possible  with  a  bituminous  surface  treat- 
ment to  maintain  them  in  a  condition  comparable  in  the  point  of  service 
to  the  higher  types  of  roads.  The  first  treatment,  which  is  made  after 
the  road  has  been  seasoned  by  opening  it  to  traffic  for  three  or  four  months, 
is  essentially  a  part  of  the  initial  cost  of  construction.  (Frank  F.  Rogers, 
8tate  highway  commissioner,  1916.) 

Wiscormn:  It  is  not  at  all  an  economical  type  of  surfacing  unless  in- 
tensely maintained  with  surface  treatments  and  a  patrol  system,  but  when 
so  maintained  gives  economical  service  even  on  neavily  traveled  roads. 
(Wisconsin  highway  commission,  1916.) 

SUme 

The  roadbuilding  properties  of  different  rocks  are  explained  in 
the  next  chapter.  The  following  notes  on  the  selection  of  stone 
were  prepared  by  Prevost  Hubbard  and  Frank  H.  Jackson,  Jr.* 
The  ideal  rock  for  the  construction  of  a  water-bound  macadam 

^  ''The  Results  of  Physical  Tests  of  Road-building  Rock,''  Bulletin  370, 
United  States  Department  of  Agriculture. 
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road  resists  the  wear  of  traffic  to  which  it  is  subjected  to  just 
that  extent  which  will  supply  a  sufficient  amount  of  cementitious 
rock  dust  to  bind  or  hold  the  larger  fragments  in  place.  It  is 
generally  admitted  that  the  ordinary  macadam  road  is  not  well 
suited  to  any  considerable  amoimt  of  automobile  traffic,  because 
such  traffic  rapidly  removes  the  binder  without  producing  fresh 
material  to  take  its  place. 

Cementing  value  is  a  necessary  quality  for  rocks  used  in  mac- 
adam road  construction.  As  determined  by  test,  cementing 
values  below  25  are  called  low;  from  26  to  76,  average,  and  above 
75,  high.  In  general,  the  cementing  value  should  rim  above  25. 
For  rocks  which  show  a  low  French  coefficient  of  wear,  however, 
a  relatively  high  cementing  value  is  more  necessary  than  for 
those  which  have  a  high  IVench  coefficient.  Interpretation  of 
results  of  the  cementing  value  test  is  subject  to  a  nimxber  of 
influencing  considerations.  For  instance,  it  has  been  found  that 
certain  feldspathic  varieties  of  sandstone  give  excellent  results 
in  this  test,  while  experience  has  shown  that  they  do  not  bind 
well  when  used  in  the  wearing  course  of  macadam  roads.  In 
the  case  also  of  certain  varieties  of  the  trap  group,  low  results 
are  frequently  shown  by  laboratory  tests  for  rocks  which  bind 
quite  satisfactorily  upon  the  road,  provided  traffic  is  sufficiently 
heavy  to  supply  the  requisite  amoimt  of  fine  material.  Certain 
granites,  gneisses,  and  schists  which  are  not  suitable  for  use  as 
binding  material  give  good  results  in  this  test.  In  such  cases 
it  is  usually  found  that  the  highly  altered  nature  of  the  material 
reduces  its  toughness  and  resistance  to  wear  to  such  an  extent 
as  to  condemn  it  for  use. 

Experience  has  shown  that  in  general  the  following  table  of 
limiting  values  for  the  French  coefficient  of  wear,  toughness,  and 
hardness  may  be  used  in  determining  the  suitability  of  a  rock 
for  the  construction  of  the  wearing  course  of  a  macadam  road: 

Limiting  Values  of  Physical  Tests  of  Rock  Suitdblefor  Water-hound 

Macadam 


TRATSL 


Light 

Moderate 
Heavy. . . 


rSSHOH 
OOaPPlCDBMT 


5to  5 
8  to  15 
Over  15 


OF 


5  to  8 
2.7  to  6 
Under  2.7 


Toua: 


5to  9 
10  to  18 
Over  18 


HAJtmrMs 


10  to  17 
Over  14 
Over  17 


With  relation  to  the  limitations  for  hardness  it  may  be  noted 
that  when  any  given  value  for  toughness  falls  vnthin  certain 
limits  which  define  the  suitability  of  the  material  for  macadam 
road  construction  under  given  traffic    conditions,    the   corre- 
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sponding^value  for  hardness  will  fall  within  similar  limits  for  hard- 
ness. In  this  connection  it  will  be  seen  in  the  table  that  a  max- 
imum limit  for  hardness  is  only  given  in  the  case  of  light  traffic. 
It  has  been  found  that  the  great  majority  of  samples  having  a 
French  coefficient  of  wear  of  from  5  to  8  and  a  hardness  of  over 
17  are  granites,  quartzites,  and  hard  sandstones,  which  are  unsuited 
for  use  in  the  wearing  course  of  water-bound  macadam  roads 
due  to  their  lack  of  binding  power. 

The  weight  of  a  cubic  yard  of  crushed  stone  varies  consider- 
ably, depending  upon  the  rock,  the  size  to  which  it  is  broken 
and  the  amount  of  shaking  the  sample  receives  before  its  volimae 
is  measured.  The  range  in  weight  of  a  cubic  foot  of  solid  rock 
is  162  to  221  pounds  for  trap,  165  to  200  pounds  for  schist,  156 
to  175  pounds  for  felsite,  156  to  193  pounds  for  quartzite,  125 
to  193  pounds  for  limestone,  and  125  to  187  poimdis  for  granite. 
The  total  range  from  the  lightest  limestone  to  the  heaviest  trap 
is  over  75  per  cent  and  the  crushed  rock  will  show  the  same  varia- 
tions. Consequently,  when  broken  stone  is  bought  by  weight 
it  should  be  actually  weighed  before  estimating  the  quantity  re- 
quired for  good  work. 

Crushed  stone  is  the  most  important  branch  of  the  stone  in- 
dustry. The  production  of  this  material  for  road  building  in 
the  d^erent  states  is  given  in  a  table  in  Part  HI  of  this  book. 
The  requirements  for  railroad  ballast  and  concrete  as  well  as  for 
road  work  are  so  large  that  commercial  broken  stone  is  avail- 
able in  many  parts  of  the  country  at  a  lower  price  than  the  cost 
of  quarrying  and  crushing  local  material.  It  is  sometimes  eco- 
nomical, even  at  a  greater  initial  cost,  to  import  stone  from  a 
distance  if  thereby  a  more  durable  road  may  be  had  than  is  pos- 
sible with  the  use  of  local  stone. 

Much  of  the  stone  is  crushed  locally,  usually  in  portable  plants. 
These  comprise  a  crusher  with  an  engine  and  boiler,  revolving 
screens,  portable  bins  and  an  elevator  to  lift  the  stone  after  it 
is  crushed  into  the  screen  and  sometimes  into  the  bins.  The 
capacity  of  a  crusher  should  be  adjusted  to  the  road  roller  ca- 
pacity. If  the  crusher  furnishes  more  stone  than  the  roller  can 
consolidate,  it  is  too  large  to  work  economically.  If  the  crusher 
can  not  supply  enough  stone  to  keep  the  roller  at  work,  the  lat- 
ter will  operate  uneconomically.  Furthermore  the  arrangements 
for  supplying  stone  from  the  crusher  to  the  road  must  be  such 
that  the  expensive  equipment  at  each  end  of  the  line  will  be 
kept  operating  aU  the  time.  There  is  some  difiFerence  of  opin- 
ion as  to  the  proper  capacity  of  a  crusher,  for  in  some  sections 
of  the  coimtry  it  is  held  that  from  60  to  80  cubic  yards  of 
broken  stone  is  as  much  as  a  single  roller  will  consolidate  properly, 
while  in  other  sections  it  is  held  that  a  roller  which  does  not  con- 
solidate 75  tons  per  day  is  not  doing  good  service. 
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Where  the  stone  supply  is  limited  to  ledges  at  infrequent  inter- 
vals but  little  choice  in  the  location  of  the  crushing  outfit  is  pos- 
sible. If  field  stone  or  ledges  are  available  alongside  the  road 
at  frequent  intervals  a  crusher  can  serve  about  two  miles  of 
road  most  economically.  Local  conditions,  however,  affect  the 
proper  arrangement  of  the  plant  so  greatly  that  no  precise  rules 
can  be  drawn  up.  It  occasionally  happens  that  the  availability 
of  water  for  the  boiler  is  of  more  importance  than  any  other 
factor  in  determining  the  location  of  the  outfit. 

If  possible,  the  crusher  should  be  set  low  enough  so  that  a  plat- 
form can  be  built  at  the  level  of  the  opening  into  which  the  stone 
is  diunped.  The  carts  are  driven  onto  this  platform  and  the  ma- 
terial is  handled  most  economically  in  this  manner.  The  men  who 
set  up  the  plant  should  have  had  experience  in  this  work.  Much 
depends  on  the  proper  alignment  of  the  several  parts  and  the 
delays  in  operation  will  be  avoided  if  the  work  is  done  properly 
in  the  first  instance. 

The  screens  in  such  portable  plants  have  three  sections  about 
4  feet  long  and  30  inches  in  diameter.  The  first  section  has  per- 
forations which  are  }-inch  in  diameter.  The  perforations  of  the 
second  section  are  generally  1}  inches  in  diameter  where  com- 
paratively hard  stone  is  used  and  1)  inches  in  diameter  where 
softer  stone  is  employed.  With  the  very  soft  stone  used  in  some 
of  the  Central  States,  the  perforations  are  sometimes  2}  inches, 
and  the  third  section  of  the  screen  is  omitted.  The  perforations 
in  the  third  section  are  from  2  to  2^  inches  in  diameter  as  a  rule, 
depending  upon  the  maximum  size  of  the  stone  which  is  allowed 
in  the  road,  but  this  maximum  size  varies  widely  in  different 
States.  In  New  York  stone  up  to  3)  inches  in  size  is  used  in  the 
bottom  course  and  in  Ohio  pieces  of  sandstone  as  large  as  6  inches 
in  their  longest  dimensions  are  permitted  in  the  bottom  course 
of  some  roads.  Stone  passing  a  4-inch  circular  opening  is  also 
permitted  under  some  conditions.  In  Wisconsin  the  bottom 
coiurse  is  usually  made  of  stone  2  to  3}  inches  in  size;  in  this  case 
the  perforations  in  the  screen  are  },  2  and  3}  inches. 

The  stones  too  large  to  pass  through  the  openings  in  the  third 
section  of  the  screen  drop  out  and  are  rim  through  the  crusher 
again.  There  is  sometimes  a  conveyor  to  carry  these  tailings 
from  the  end  of  the  screen  to  the  crusher.  The  jaws  of  the  crusher 
should  be  set  to  give  as  few  tailings  as  possible  and  the  length 
of  the  screen  sections  shoiild  be  adjusted  to  accomplish  the  same 
purpose.  The  operation  of  the  screens  should  be  observed  from 
time  to  time  in  order  to  make  sure  that  material  which  should 
pass  the  openings  in  each  section  does  not  flow  along  the  screen 
80  ntpidly  that  there  is  a  failure  to  separate  it  out  by  the  right 
section  of  the  screen.    If  the  screen  revolves  too  rapidly  fine 
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material  will  be  carried  into  the  coarser  grades.  Stone  purchased 
from  commercial  crusher  plants  is  often  observed  to  run  small, 
the  best  separation  occurring  in  the  product  which  is  obtained 
during  a  time  of  minimum  demand.  This  is  because  more  time 
is  then  given  to  the  stone  in  its  passage  through  the  screens. 
It  is  impracticable  to  obtain  a  complete  gradation  of  the  sizes 
of  stone  and  for  this  reason  highway  engineers  often  permit  vari- 
ations from  the  nominal  maximum  and  mimmimi  dimensions 
of  any  size.  For  instance  the  f-inch  stone  specified  in  New 
Jersey  may  contain  up  to  5  per  cent  of  material  larger  than  1}  inch 
and  up  to  8  per  cent  smaller  than  f  inch,  although  the  nom- 
inal range  of  size  is  from  f  to  Ijt  inch. 

There  is  no  uniformity  in  the  designation  of  the  sizes  of  crushed 
stone;  what  is  termed  as  No.  1  stone  in  Ohio  is  entirely  different 
from  No.  1  stone  in  New  York. 

Drainage 

The  investment  in  a  macadam  road  is  so  great  that  every  pre- 
caution should  be  taken  to  have  the  roadbed  thoroughly  drained. 
The  methods  of  doing  this  were  explained  in  the  chapter  on 
drainage.  If  they  are  not  employed  wherever  necessary  the  road 
will  inevitably  become  rutted  and  marked  by  holes  during  pro- 
longed wet  weather,  and  the  maintenance  of  such  places  will 
entail  an  annual  expenditure  far  greater  in  the  end  than  the  cost 
of  proper  drainage  work. 

Formerly  Telford  foimdations  were  used  in  all  wet,  soggy 
ground  imder  well-built  broken  stone  roads  but  experience  has 
shown  that  with  good  underdrainage  equally  satisfactory  foun- 
dations can  be  built  of  coarse  gravel.  This  is  dimiped  on  the 
bottom  of  the  road  after  the  soft  material  has  been  excavated 
to  a  considerable  depth.  The  ma^  of  gravel  should  be  drained 
into  the  side  ditches  by  constructing  blind  drains  through  the 
shoulders  at  intervals  of  not  over  50  feet. 

Where  suitable  field  stone  is  available  for  a  Telford  foundation 
it  is  still  sometimes  used.  The  New  York  requirements  for 
stone  for  this  purpose  are  a  thickness  of  not  less  than  1^  inches, 
a  depth  equal  to  the  depth  required  for  the  foundation,  from  6 
to  8  inches,  and  a  length  not  more  than  one  and  a  half  times 
the  depth.  The  New  Jersey  specifications  require  stone  6  to 
10  inches  long,  2  to  4  inches  wide  and  at  least  6  inches  deep. 
Some  engineers  advise  placing  this  stone  on  a  bed  of  gravel,  while 
others  believe  that  if  gravel  is  available  it  is  best  to  make  the 
entire  base  of  it  and  not  employ  Telford,  since  the  latter  is  quite 
expensive.  The  stone  must  be  set  on  their  broader  base,  length- 
wise across  the  road,  and  wedged  by  driving  small  stone  into 
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The  Eagle  Wagon  Works 

AobBTD.  H.  T. 

THE  PLYMOUTH 
GASOLINE   LOCOMOTIVE 

Solves  the  Hauling  Problem  on 

Road  Construction 
The  J.  D.  Fate  Company 

Iroquois  Rollers 

Tandem  &  Macadam 

With  every  improvement  our 

many    years'    experience    as 

coDtractors    has    sugeested; 

sturdy  and  reliable. 

Keltic*,  ScBdStn,  Tool*,  etc. 

The  Barber  As[Jialt  Paring  Co. 

IroquoU  Works,  Buffalo,  N.  Y. 


There  are  Seventy-Eight 

Huber  Steam  Rollers 

in  Seven  Ohio  Counties 

Thttt  is  an  indication  of 
Quality 

The  Huber  Manufachiring  Ca> 

Marion,   Ohio 


Corrugated  Rollers 

Eighteen  heavy  wheels 
compact  the  road  from 
bottom  to  top. 

Sam  E.  Findley 

Candler  Bldg.  Atlanta,  Ga. 


Port   Huron   General 
Purpose  Road  Roller 


It  rolls,  it  hauls,  it  fur- 
nishes belt  power, 
turns  in  a  25-foot  diam- 
eter circle. 


it 


Port  Huron,  Mich. 


BUFFALO  PITTS 

Steam  Hollers— both  in 
three  wheel  and  tandem 
types  are  the  accepted 
standards  of  the  fore- 
most road  builders  of 
this  country. 


KELLY  ■  SPRINGFIELD 

Motor  Rollers  in  three  wheel 
and  tandem  types  are  thor- 
oughly perfected  in  every 
detail.  Our  experience  of 
more  than  a  quarter  of  a  cen- 
tury quaUfies  us  to  offer  a 
Motor  Roller  of  unequalled 
efficiency. 

Buffalo  Sfiringlield  Roller  Co. 

Sprinaadd,  Ohio 


JlUffll'     GET  THIS 

Free    Book 

FOR 

ROAD  BUILDERS 

We  have  received  innuDierable  re- 
quests for  advice  regarding  problems 
arising  in  highway  work,  so  we  have 
publi^ed 

"Road  Construction 
and  Maintenance" 


answering  most  oE  these  inquiries. 

It  contains  information  about  money- 
saving  methods   of 


£.  I.  du  Pont  de  Nemours  &  Co. 

POWDER  MAKERS  SINCE  t«n 

\t^liiiia2toii,  Del. 


ROCK  DRILL 

BUILDERS 
EXCLUSIVELY 


Come  lo 

Special- 
ists 

Wood  Drill  Works 

PATERSON.  N.  J. 


T 


SCHRAMM  Portable 
Air  Compressors 

They  do  the  work  of  stationary 
plants  two  or  three  times  their  size. 
Can't  be  beaten  for  road  conatruction. 

Chris.  D.  Sdiramm  &  Son 

308  N.  Fourth  Street,  PhUadelphia 
140  W«>t  Street,  New  York,  N.  Y. 


A  PORTABLE  CRUSHER  g  ELEVATOR 
I 
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the  interstices.  The  projecting  points  should  be  broken  off 
with  a  stone  hammer,  the  depressions  in  the  top  filled  with  stone 
chix)s,  and  the  foundation  rolled. 

The  V-shaped  drain  described  on  page  252  is  a  substitute  for 
a  Telford  foundation  which  has  received  much  favpr  in  some 
states. 

Svb-Grade 

It  is  necessary  to  place  the  stone  for  a  macadam  road  in  a  box 
or  trench  in  order  to  roll  it  successfully.  The  method  of  exca- 
vating the  sub-grade  was  described  on  page  294.  The  bot- 
tom must  be  slightly  crowned.  This  is  for  two  reasons;  first  to 
shed  any  water  which  may  sink  through  the  macadam,  and 
second,  to  keep  the  amount  of  stone  required  for  the  road  to  the 
minimiun  actually  necessary.  The  sub-grade  must  be  rolled 
until  hard  in  order,  first,  that  the  stone  placed  on  it  can  not  be 
driven  into  it  and  thus  serve  no  useful  purpose,  and  second,  to 
turn  toward  the  sides  of  the  road,  into  the  blind  drains  leading 
to  the  ditches,  any  water  which  may  penetrate  the  courses  of 
stone. 

The  depth  of  the  box  or  trench  is  fixed  by  the  desired 
depth  of  the  macadam  roadway.  This  is  rarely  less  than  6 
inches  at  the  center  and  is  sometimes  considerably  more,  al- 
though there  is  a  question  whether  a  greater  thickness  than  8 
inches  after  rolling  serves  any  useful  purpose.  The  harder  and 
tougher  the  stone,  the  less  need  be  the  thickness  of  the  road, 
provided  the  sub-grade  is  firm.  Usually  the  sides  of  the  macadam 
roadway  are  1  to  2  inches  thinner  than  the  center. 

On  very  sandy  soils,  to  keep  the  sand  from  working  up  through 
the  stone,  a  covering  of  clay,  hay,  straw,  or  fine  brush  is  spread 
over  the  subgrade. 

Placing  the  Broken  Stone 

It  is  customary  to  begin  placing  the  broken  stone  as  soon  as 
a  few  hundred  feet  of  the  subgrade  has  been  prepared  to  receive 
it,  because  it  is  undesirable  to  expose  the  rolled  earth  surface  to 
the  danger  of  drenching  by  rains  for  a  longer  period  than  is 
necessary. 

The  first  course  is  rarely  if  ever  spread  to  a  greater  depth  than 
6  inches  when  loose,  because  a  roller  cannot  compact  a  deeper 
course  of  stone  in  a  satisfactory  manner.  The  thickness  is  sel- 
dom less  than  4  inches.  The  largest  size  of  the  screened  stone 
is  used.  In  some  states  it  is  forbidden  to  dimip  the  stone  di- 
rectly on  the  subgrade,  on  the  ground  that  this  leaves  a  mass  of 
consolidated  small  stone  in  the  center  of  the  heap  which  remains 
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almost  intact  when  the  pile  is  leveled.  Accordingly  the  stone 
must  be  deposited  on  dumping  boards  about  6  feet  long  and  3 
feet  wide,  from  which  it  is  shoveled  to  the  subgrade.  This  is  no 
longer  a  generally  adopted  requirement,  however,  but  it  is  not 
unusual  to  require  a  load  to  be  deposited  in  several  dumps 
so  that  the  least  amount  of  shoveling  and  raking  will  be  required. 

CoBts  Per  Mile  Corresponding  to  Different  Coeta  Per  Square  Yard,    Baaed  on 
TMe  Published  by  Commiaeioner  of  Public  Roads  of  New  Jersey 


Width,  f«et 

8 

10 

12 

14 

IS 

18 

so 

Sqoai* 
y»fd^ 
p«r  mik 

i,mH 

Bjmi 

7.040 

MlSi 

9jnSi 

10,M0 

11,7W| 

Cmtvm-99, 

tO.25 
0.30 
0.35 
0.40 
0.45 

$1,173.33 
1,408.06 
1,642.67 
1,877.33 
2,112.00 

11,466.67 
1,760.00 
2,053.33 
2,346.67 
2.640.00 

$1,760.00 
2,112.00 
2,464.00 
2,816.00 
3,168.00 

$2,053.33 
2,464.00 
2,874.67 
3,285.33 
3,696.00 

$2,346.67 
2,816.00 
3,285.33 
3,754.67 
4,224.00 

$2,640.00 
3,168.00 
3,696.00 
4,224.00 
4,752.00 

$2,933.33 
8.520.00 
4,106.67 
4,093.33 
5,280.00 

0.50 
0.55 
0.60 
0.65 
0.70 

2,346.67 
2,581.33 
2,816.00 
3,050.67 
3,285.33 

2,933.33 
3,226.67 
3,520.00 
3,813.33 
4,106.67 

3,520.00 
3,872.00 
4,224.00 
4,576.00 
4,928.00 

4,106.67 
4,517.33 
4,928.00 
5,338.64 
5,749.33 

4,693.33 
5,162.67 
5,632.00 
6,101.33 
6,570.67 

5,280.00 
5,808.00 
6,336.00 
6,864.00 
7,392.00 

5,866.67 
6,453.33 
7,040.00 
7,626.67 
8,213.33 

0.75 
0.80 
0.85 
0.90 
0.95 

3,520.00 
3,754.67 
3,989.33 
4,224.00 
4,458.67 

4,400.00 
4,693.33 
4,986.69 
5,280.00 
5,573.33 

5,280.00 
5,632.00 
5,984.00 
6,336.00 
6,688.00 

6,160.00 
6,570.67 
6,981.33 
7,392.00 
7,802.67 

7,040.00 
7,509.33 
7,978.67 
8,448.00 
8,917.33 

7,920.00 
8,448.00 
8,976.00 
9,504.00 
10,032.00 

8,800.00 

9,386.67 

9,973.33 

10,560.00 

11,146.67 

1.00 
1.05 
1.10 
1.15 
1.20 

4,693f33 
4,928.00 
5,162.67 
5,397.33 
5,632.00 

5,866.67 
6,160.00 
6,453.33 
6,746.67 
7,040.00 

7,040.00 
7,392.00 
7,744.00 
8,096.00 
8,448.00 

8,213.33 
8,624.00 
9,034.67 
9,445.33 
9,856.00 

9,386.67 

9,856.00 

10,325.33 

10,794.67 

11,264.00 

10,560.00 
11,088.00 
11,616.00 
12,144.00 
12,672.00 

11,733.33 
12,320.00 
12,906.67 
13,493.33 
14,080.00 

Note:  When  the  cost  per  square  yard  is  greater  than  $1.20,  the  corre- 
sponding cost  per  mile  can  be  found  by  adding  to  the  tabulated  cost  for  a  rate 
of  $1.00  per  square  yard,  the  tabulated  cost  tor  a  rate  equal  to  the  difference 
between  the  given  rate  and  $1.00.  The  costs  per  square  mile  for  widths 
greater  than  2Q  feet  are  found  by  adding  toother  the  costs  for  two  of  the 
tabulated  widths  which  will  give  the  desired  width. 

The  easiest  method  of  distributing  the  stone  is  by  using  an  auto- 
matic spreader  wagon  which  deposits  it  in  a  layer  of  approxi- 
mately the  right  thickness.  The  methods  of  determining  the 
thickness  are  explained  on  page  295. 

When  a  hundred  feet  or  so  of  the  first  course  has  been  spread, 
the  rolling  should  begin.    A  roller  weighing  about  600  pounds 
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per  inch  of  width  of  roll  is  usually  recommended  for  rolling  hard 
rock,  but  one  of  three-fourths  this  weight  will  probably  do  bet- 
ter work  with  soft  limestone.  The  roller  starts  at  the  edges  of 
the  stone  and  care  should  be  taken  that  the  shoulders  are  not 
crushed  during  the  trips  near  the  sides  of  the  trench.  The  roller 
should  not  be  run  much  faster  than  100  feet  per  minute.  After 
both  sides  are  moderately  firm,  the  roller  should  move  gradually 
toward  the  center  until  the  whole  lower  course  is  thoroughly 
compacted.  The  rolling  shoiild  be  stopped  as  soon  as  the 
pieces  of  stone  begin  to  break.  Sometimes  it  is  found  that 
a  wavy  motion  continues  and  the  stone  will  not  compact. 
This  may  be  due  to  a  wet  subgrade,  which  will  probably  give 
no  trouble  if  fdlowed  to  dry  for  a  day  or  two,  or  it  may  be  due 
to  the  use  of  a  very  hard  stone,  when  the  application  of  a  little 
sand  or  fine  gravel  may  remedy  the  difficulty.  With  some 
soft,  coarse,  gravel  stones  a  crawling  motion  may  be  noticed, 
which  can  be  prevented  by  a  light  sprinkling  of  coarse  sand, 
stone  screenings  and  sometimes  by  water.  The  rolling  is  con- 
tinued until  the  stone  has  no  movement  when  the  men  walk  over 
it.  If  depressions  develop  during  the  rolling  they  must  be 
filled  with  stone  of  the  same  size  as  that  used  in  the  course 
and  rolled  imtil  firm. 

Some  engineers  advise  harrowing  the  loose  stone  with  a  spike- 
tooth  harrow  in  order  to  mix  the  stone  thoroughly  and  to  save 
a  part  of  the  rolling.  This  would  be  of  advants^  if  full  loads  of 
stone  were  dmnped  directly  on  the  subgrade,  for  it  would  break 
up  the  cores  of  small  stone  in  the  center  of  the  piles.  Other 
engineers  recommend  using  a  blade  grader  to  shape  the  loose 
stone  just  before  rolling. 

It  is  not  customary  to  apply  a  binder  of  gravel  or  screenings 
to  the  bottom  course  in  some  states  and  it  is  required  in  others. 
It  is  apparently  a  detail  depending  considerably  upon  the  hard- 
ness of  the  stone  used.  If  the  stone  is  relatively  soft  and  the 
bottom  course  is  constructed  of  a  large  size  of  stone,  a  binder 
may  prevent  the  internal  disintegration  of  the  stone  under  loads 
to  some  extent,  but  with  the  somewhat  smaller,  hard  trap  rock 
used  in  Massachusetts,  for  instance,  screenings  are  imnecessary. 

After  about  a  hundred  feet  of  the  bottom  course  has  be^ 
rolled,  the  second  course  is  spread.  This  consists  of  the  size  from 
i  to  li  or  1^^  inches,  and  the  loose  depth  is  3  to  5  inches.  Large 
loads  shoidd  not  be  dimiped  directly  on  the  bottom  course.  The 
top  course  is  usually  given  its  final  shaping  with  rakes.  This 
course  is  rolled  commencing  on  each  outer  edge  with  the  rear 
wheel  half  on  the  stone  and  half  on  the  shoulders;  the  roller  is 
gradually  worked  toward  the  center.  If  depressions  are  devel- 
oped during  this  work,  they  must  be  filled,  and  the  rolling  should 
continue  until  the  surface  is  hard  and  umform  in  contour. 
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The  surface  is  then  covered  with  the  binder.  The  material 
used  for  this  purpose  varies  with  the  character  of  the  stone  in 
the  top  course.  Generally  screenings  are  employed,  but  in  states 
where  the  top  course  is  composed  of  rather  large  sizes  of  stone 
the  screenings  have  small  stone  mixed  with  them.  In  Mary- 
land limestone  screenings  are  not  permitted  with  trap  rock  with- 
out the  consent  of  the  engineer.  A.  R.  Hirst,  State  highway  engi- 
neer of  Wisconsin,  advises  using  a  clayey  pea  gravel  or  disinte- 
grated granite  with  crushed  quartzite  or  granite,  and  if  these 
are  unavailable  he  prefers  a  bituminous  binder. 

Screenings  are  rarely  if  ever  permitted  to  be  dumped  on  the 
road.  They  should  be  placed  in  piles  along  the  road  at  such 
intervals  that  they  can  be  distributed  readily  and  enough  mate- 
rial will  always  be  available.  In  Massachusetts  it  is  not  cus- 
tomaiy  to  place  the  screenings  to  a  greater  depth  than  1  inch. 
In  Michigan  the  depth  is  about  }  inch  and  in  Wisconsin  about 
}  inch  on  State  roads. 

Although  the  screenings  are  sometimes  rolled  dry,  after  being 
spread,  the  usual  practice  is  to  sprinkle  the  road  with  water 
before  rolling.  The  road  must  be  sprinkled  imtil  the  screenings 
are  thorougUy  wet  and  do  not  stick  to  the  wheels  of  the  roller. 
Where  hard,  small  stone  is  used  in  the  top  course  more  water 
is  generally  employed  than  where  the  stone  is  larger,  and  an 
attempt  is  made  to  flush  the  screenings  into  the  interstices  be- 
tween the  stones.  If  the  screenings  are  picked  up  by  the  roller 
at  any  time,  more  water  must  be  applied.  The  sprinkling  and 
rolling  are  continued  imtil  water  is  carried  along  in  front  of  the 
roller  wheels  at  every  point  of  the  road. 

Rolling  must  be  done  carefully  for  the  appearance  of  the  road 
will  depend  upon  this  work. 

After  the  road  has  dried  sufficiently,  the  shoulders  should 
be  smoothed  off  with  a  road  machine,  if  one  is  available.  The 
shoulders  should  be  trimmed  so  the  water  can  flow  from  the 
center  of  the  road  to  the  ditches  along  every  foot  of  the  way. 
All  surplus  material  should  be  removed,  and  the  shoulders  should 
be  rolled  as  far  out  as  it  is  safe  to  rim  the  roller. 

GliUrin  Binder 

For  a  number  of  years,  glutrin  has  been  used  extensively  as 
a  binding  material  for  both  gravel  and  broken  stone  roads.  It 
is  an  adhesive  binding  liquid  whose  base  is  the  lignin  derived 
from  the  sulphite  pulp  wood  process.  It  is  sold  in  a  concentrated 
state  and  should  be  diluted  with  water  before  use. 

It  should  be  imderstood  that  when  the  road  material  to  be 
treated  is  other  than  stone,  it  should  contain  at  least  10  per  cent 
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of  clay.  When  this  is  lacking  in  the  original  road  material,  it 
should  be  evenly  added  as  the  road  material  is  put  in  place. 
When  used  on  gravel  or  sand-clay  roads,  glutrin  should  be  di- 
luted with  water  in  the  proportion  of  one  part  glutrin  to  not 
less  than  three  parts  water.  This  mixture  should  be  applied 
by  means  of  any  distributor  which  will  spread  it  uniformly. 
The  application  should  be  continuous,  so  that  the  road  is  kept 
moist,  but  not  so  rapidly  as  to  permit  the  forming  of  pools  or 
the  flowing  off  to  the  sides.  Penetration  must  be  secured,  and 
consequently  the  distributor  should  make  at  least  four  trips 
over  the  road  in  applying  the  amount  of  glutrin  called  for  in  the 
specifications.  This  is  usually  about  i  gallon  of  glutrin  to  the 
square  3rard. 

When  used  in  the  construction  of  broken  stone  or  slag  roads, 
the  glutrin  should  be  applied  during  the  process  of  puddling 
the  top  course.  The  puddle  should  be  begun  as  usual  with  plain 
water,  but  as  soon  as  the  screenings  are  thoroughly  saturated, 
glutrin  should  be  placed  in  the  sprinlder  in  the  proportion  of  one 
part  glutrin  to  five  parts  water,  and  the  puddling  completed 
with  this  mixttire.  The  specifications  usually  call  for  )  gallon 
of  glutrin  to  the  square  yard  to  be  used  in  this  process.  A  still 
stronger  bond  can  be  secured  if,  after  the  road  has  been  pud- 
dled in  this  manner,  it  is  allowed  to  dry  out  and  a  surface  ap- 
plication is  then  made  over  the  center  80  per  cent  of  the  width 
of  the  road,  of  0.2  gallon  of  glutrin,  diluted  in  the  proportion  of 
one  part  glutrin  to  three  parts  water.  As  soon  as  the  road  is 
dry,  it  can  be  opened  to  traffic. 

There  have  been  many  miles  of  glutrin-bound  roads  con- 
structed in  Connecticut  and  New  York,  which  have  been  given 
a  bituminous  top  cotirse,  or  even  an  oil  treatment,  the  purpose 
being  to  bind  the  mass  of  stones  thoroughly  together  with  glu- 
trin to  prevent  the  internal  disintegration  of  the  gravel  or  stone 
by  traffic  and  to  protect  the  glutrin  from  surface  water. 

Glutrin  should  not  be  used  with  a  pure  siliceous  material  like 
quartz,  unless  at  least  10  per  cent  of  clay  is  added.  With  broken 
stone,  the  fine  material  produced  in  rolling,  furnishes  a  substi- 
tute for  the  clay  required  with  gravel. 

Maintenance 

Where  there  is  very  little  automobile  traffic  the  old-fashioned 
methods  of  maintenance  are  still  applicable.  If  the  road  was 
bmlt  late  in  the  fall,  particularly  if  trap  rock  was  used,  it  is  pos- 
sible that  loose  stone  will  appear  on  the  siuf  ace  in  the  spring. 
They  should  be  removed  and  need  cause  no  apprehension.  Holes 
and  ruts  should  be  filled  with  small  stone  and  screenings,  prefer- 
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ably  during  a  rain  so  the  traffic  will  begin  to  bind  the  patch  as 
soon  as  the  weather  clears.  When  the  top  course  has  been  worn 
down  so  that  the  large  stone  of  the  bottom  course  show  in  places, 
the  road  should  be  repaired.  If  the  top  course  is  to  be  less  than 
3  inches  thick  the  stone  can  be  spread  on  the  road  and  treated 
like  the  top  coiu'se  of  a  new  road.  If  the  course  is  to  be  made 
of  3  inches  or  more  of  loose  stone,  it  is  generally  best  to  loosen 
up  the  road  by  means  of  spikes  placed  in  the  wheels  of  the  roller 
or  by  the  use  of  a  scarifier. 

This  method  of  maintenance  is  practically  obsolete  on  account 
of  motor  traffic.  The  shearing  action  of  the  wheels  of  an  auto- 
mobile on  a  water-bound  road  speedily  loosens  the  stones  of  the 
top  course  and  it  is  necessary  to  protect  the  surface  by  a  tenacious 
mat  of  bituminous  material  and  stone.  Experience  shows  that 
this  should  not  be  applied  until  the  road  has  seasoned  for  a  few 
months.  If  the  road  is  finished  late  in  the  fall,  so  that  no  oppor- 
timity  will  be  afforded  for  it  to  season  before  winter  closes  down 
construction  work,  the  surface  can  be  bound  with  calcium  chlo- 
ride to  hold  it  until  spring,  when  the  bituminous  mat  can  be 
applied. 

The  ordinary  method  of  maintaining  the  road  is  to  clean  it 
thoroughly  and  then  apply  a  road  oil  uniformly  over  the  surface. 
Some  of  these  oils  are  so  thin  that  they  soak  into  the  surface 
while  others  must  be  covered  with  sharp  sand  or  screenings  free 
from  dust.  The  methods  of  doing  the  work  are  explained  in 
the  chapter  on  surface  applications. 
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Mineral  Composition} — ^Reports  of  geologists  and  mineralo- 
gists on  road-building  rocks  classify  them  according  to  their 
origin  as  igneous,  sedimentary  and  metamorphic. 

Igneous  rocks  are  those  which  have  solidified  from  a  very  hot 
liquid  condition  and  their  physical  condition,  technically  termed 
"structure,"  depends  largely  on  the  rate  of  cooling  of  the  fused 
material.  The  "intrusive"  or  "plutonic"  type  of  igneous  rocks 
cooled  slowly  at  great  depths  below  the  earth's  surface,  and  the 
minerals  composing  it  are  usually  in  large  and  well  aeveloped 
particles.  This  type  includes  granite,  syenite,  diorite,  gabbro, 
and  peridotite.  The  "extrusive"  or  "volcanic"  types  of  igneous 
rocks  cooled  more  rapidly  upon  the  earth's  surface  and  are  finer 
grained.  They  frequently  show  a  so-called  "porphyritic" 
structure  on  accoimt  of  the  presence  of  larger  crystals  in  a  fine- 
grained, dense  mass  forming  the  main  mass  of  the  rock.  This 
type  includes  rhyolite,  trachyte,  andesite,  basalt  and  diabase. 

Sedimentary  rocks  are  made  up  of  fragments  of  minerals  or 
sheUs  that  were  moved  about,  mainly  by  water,  and  finally  de- 
posited on  the  beds  of  lakes  or  seas  in  more  or  less  parallel  layers. 
There  they  became  cemented  together  by  the  pressure  upon  them 
and  changes  in  the  composition  of  a  part  of  their  constituents. 
This  last  change  is  of  the  same  generaJ  nature  as  that  occurring 
far  more  quickly  in  the  case  of  plaster  or  mortar.  This  class 
includes  calcareous  t3rpes  of  rock  like  limestone  and  dolomite, 
and  siliceous  types  like  shale,  sandstone,  and  chert  (flint).  Both 
tjrpes  are  usually  distinctly  bedded  or  stratified. 

Metamorphic  rocks  were  produced  from  the  two  classes  just 
mentioned  by  pressure  and  heat.  The  long-continued  shearing 
and  compressive  forces  sometimes  produced  a  "foliated"  or 
"schistose"  character,  with  a  parallel  arrangement  of  the  minerals 
composing  them,  or  a  "massive"  or  "nonfoliated"  character. 
Gneiss,  schist  and  amphiboUte  are  foliated  metamorphic  rocks, 
and  slate,  quartzite,  eclogite  and  marble  are  nonfoliated  meta- 
morphic rocks. 

^  Abrid^d  from  Bulletin  34S,  U.  S.  Department  of  Agriculture,  "Rela- 
tion of  Mmeral  Composition  and  Rock  Structure  to  the  Pfa^ioal  Prop- 
erties of  Rock  Materials,"  by  £.  C.  E.  Lord,  petrographer,  Office  of  PubUe 
Roads  and  Rural  Engineering. 
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The  original  mineral  components  of  igneous  rooks  and  the 
essential  part  of  metamorphic  schists  axe  quartz,  plagioclase, 
orthoclase,  augite,  hornblende,  muscovite,  biotite,  rock  glass, 
magnetite  and  garnet.  These  are  called  primary  minerals. 
Rock  glass,  included  among  them,  is  a  mineral  of  variable  com- 
position found  in  certain  volcanic  rocks  which  cooled  very  rapidly. 
It  is  extremely  brittle  and  when  present  in  appreciable  quantities 
has  a  tendency  to  lower  the  wearing  properties  of  the  rock.  Orth* 
oclase  and  plagioclase  are  usually  called  ''feldspar''  by  engineers 
and  biotite  and  muscovite  are  called  ''mica.'' 

Quartz  is  the  most  widely  distributed  mineral  known.  It  has 
a  specific  gravity  of  2.66  and  a  hardness  of  7  in  Mohs'  scale.^ 
When  present  in  large  quantities,  especially  when  finely  consoli- 
dated, as  in  fine-grained,  igneous  and  massive  metamorphic 
rocks,  the  resulting  material  is  extremely  hard  and  offers  great 
resistance  to  wear. 

Orthoclase  and  plagioclase  are  among  the  principal  ingredients 
of  igneous  and  metamorphic  rocks  and  some  sandstones.  Their 
specific  gravity  is  2.54  to  2.76  and  their  hardness  6  to  6.5.  Many 
coarse-grained  feldspathic  rocks  break  down  readily  imder  im- 
pact on  account  of  the  cleavage  of  these  minerals.  In  fine- 
grained rocks  the  effect  of  this  cleavage  is  less  marked,  and  some 
of  them  are  extremely  hard  and  tough. 

Augite  and  hornblende  are  the  chi^  iron-bearing  or  dark  silicate 
constituents  of  basic  igpeous  rocks,  conunonly  called  "trap 
rocks,"  and  the  cr3rstalhne  schists  derived  from  them.  Their 
specific  gravity  is  2.93  to  3.71  and  their  hardness  5  to  6.5.  Their 
crystalline  shape  is  such  that  they  interlock  very  compactly  with 
other  minerals,  which  is  one  of  the  reasons  for  the  marked  dura- 
bility of  trap  rocks. 

Biotite  and  muscovite  occur  chiefly  in  granite,  gneiss  and  mica- 
ceous schist.  Their  specific  gravity  is  2.7  to  3.2  and  their  hard- 
ness is  2  to  3.  The  flaky  character  of  mica  is  well  known  and  is 
largely  responsible  for  the  foliated  character  of  many  metamor- 
phic rocks  and  their  resulting  inferior  wearing  properties  in  roads. 

Magnetite  has  a  specific  gravity  of  5.18  and  a  hardness  of  5.5. 
Garnet  has  a  specific  gravity  of  3.15  and  a  hardness  of  7.5.  They 
occur  in  only  two  road-bmlding  rocks,  peridotite  and  eclogite, 
and  in  some  cases  materially  increase  the  wearing  properties  of 
the  rock. 

Secondary  minerals  are  produced  by  the  alteration  of  rocks, 
mainly  by  the  chemical  action  of  water  and  carbonic  acid  on 
primary  rock  constituents.    The  chief  secondary  minerals  are 

1  Moha'  scale  of  the  relative  hardness  of  minerals  is  as  follows:  1,  Talc; 
2y  gypsum;  3,  calcite;  4,  fluorite;  5,  apatite;  6»  orthoclase;  7,  quarts;  8, 
topai;  9,  corundum;  10»  diamond. 


323  AMMSaCAS  HIGHWAT  AflSOOIATIOM 

caldte,  dolomite,  kaolin,  chlorite,  epidote,  limonite,  serpentine, 
talc,  seolite  and  opal. 

Calcite  has  a  specific  gravity  of  2.6  and  a  hardness  of  3.  Dolo- 
mite has  a  specific  gravity  of  2.9  and  a  hardness  of  3.5.  These 
two  minerals  are  the  chi^  constituents  of  limestones  and  dolo- 
mites, and  cannot  be  distinguished  microscopically.  They 
cleave  freely  and  hence  many  calcareous  rocks  break  down  readily 
when  used  in  roads. 

Kaolin  is  derived  to  a  large  extent  through  the  decomposition 
of  orthoclase.  It  sometimes  occurs  in  sdgubiII  crystal  flakes  re- 
sembling white  mica  (muscovite),  and  sometimes  as  minute 
grains  of  very  indefinite  composition.  In  the  latter  form,  called 
''amorphous,''  kaolin  has  a  great  e£fect  on  the  binding  property 
of  rock  powders,  for  it  becomes  glue-like  when  wet,  and  when 
dry  it  binds  tc^ther  firmly  the  other  mineoral  particles  with 
which  it  is  associated. 

Chlorite  and  epidote  are  derived  from  augite,  hornblende, 
biotite  and  plagioclase  and  are  most  abundant  in  trap  rocks  and 
dark  crystalline  schists.  Chlorite  is  a  soft  green  mineral  which 
occurs  either  in  mica-like  flakes  or  as  very  fine  scales  and  fibers  of 
indefinite  composition.  In  the  latter  form  it  has  cementing 
properties  like  those  of  amorphous  kaolin.  Epidote  (specific 
gravity,  3.25-3.5;  hardness,  &-7)  occurs  as  ydlowish  green  crystals 
which,  when  present  in  appreciable  quantities,  apparently  in- 
crease the  wearing  properties  of  rocks. 

The  results  of  a  study  of  several  hundred  road-building  rocks 
indicate  that  the  effects  of  Hieir  nuneral  composition  on  their 
value  for  highway  purposes  are  probably  as  follows : 

Igneous  and  nonfoUated  metamorphic  rocks,  owing  to  a  pre- 
ponderance of  hard  silicate  minerals  combined  with  greater  uni- 
formity in  structure,  are  more  durable  than  other  road-making 
materials,  finer-grained  varieties  offering  greater  resistance  to 
abrasion  than  coarse^ained  types. 

The  resistance  to  wear  of  igneous  and  metamorphic  rocks, 
containing  an  abimdance  of  quartz,  hornblende,  au^te,  epidote, 
and  garnet,  is  greater  than  that  of  similar  rocks  rich  in  mica, 
chlorite,  serpentine,  and  calcite. 

Foliated  metamorphic  roctu,  owing  to  the  parallel  arrange- 
ment of  their  mineral  constituents,  are,  as  a  rule,  deficient  in 
toughness  and  therefore  not  well  adapted  to  road  construction. 

Sedimentary  rocks  are  usually  deficient  in  wearing  propeaiies, 
except  in  the  case  of  highly  iadurated  sandstones,  containing  a 
moderate  amoimt  of  siliceous  clay,  cement,  and  limestones  or 
dolomites  rich  in  quartz  and  having  very  Uttie  clay. 

Rocks  for  road  making  break  down  under  impact  into  frag- 
ments, the  shape  and  physical  character  of  which  are  conditions 
by  mineral  composition  and  structure. 
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The  effect  of  weathering  is  generally  to  lower  the  resistance  to 
wear  of  road  materials,  owing  to  the  development  of  soft,  in 
part  glue-like  (colloidal)  products  of  alteration.  Where  the 
seconc&jy  minerals  are  Imrder  and  more  crystalline  the  wearing 
properties  of  the  rocks  are  proportionately  increased. 

"nie  cementing  value  of  road  materials  is  conditioned  chiefly  by 
the  gilue-like  (colloidal)  products  of  rock  decay  and  increases  in  a 
general  way  proportionately  with  these  products,  reaching  a 
maximum  in  rocks  free  from  quartz. 

The  slaking  property  of  rocK  powders  is  dependent  in  the  case 
of  siliceous  igneous  and  metamorphic  rocks  chiefly  on  the  ph3rsical 
character  of  the  primary  mineral  components,  whereas  in  basic 

aneous  rocks  and  sandstones  it  is  caiiiaed  to  a  large  degree  by 
ue-like  (colloidal)  products  of  rock  decomposition. 

Phyncal  Pnypeiiies} — The  success  or  failure  of  a  rock  for  road 
buildmg  depends  largely  upon  the  extent  to  which  it  will  resist 
the  destructive  influences  of  traffic.  The  three  most  important 
ph3rsical  properties  are  hardness,  toughness,  and  binding  power. 
Hardness  is  the  resistance  which  the  rock  offers  to  the  displace- 
ment of  its  surface  particles  by  abrasion;  toughness  is  the  resist- 
ance which  it  offers  to  fracture  under  impact;  and  binding  power 
is  the  ability  which  the  dust  from  the  rock  possesses,  or  develops 
by  contact  with  water,  of  binding  the  large  rock  fragments  to 
gether.  In  order  to  approximate  as  closely  as  possible  in  the 
laboratory  the  destructive  effects  produced  by  traffic,  climatic 
agencies  and  faulty  construction,  certain  physical  teists  have 
been  developed. 

Hardness  is  determined  by  subjecting  a  cylindrical  rock  core  25 
millimeters  in  diamet^,  drilled  from  the  specimen  to  be  examined, 
to  the  abrasive  action  of  quartz  sand  fed  upon  a  revolving  steel 
disk.  The  end  of  the  specimen  is  worn  away  in  inverse  ratio  to 
its  hardness,  and  the  amount  of  loss  is  expressed  in  the  form  of  a 
coefficient  as  follows: 

Coefficient  of  hardness  •  20  -  to/3,  where  v>  equals  the  loss  in 
weight  after  1,000  revolutions  of  the  dUsk. 

Toughness  is  determined  by  subjecting  a  cylindrical  test  speci- 
men 25  by  25  millimeters  in  size  to  the  impact  produced  bv  the 
fall  of  a  2-kilogram  hammer  upon  a  steel  plunger  whose  lower 
end  is  spherical  and  rests  upon  the  test  piece.  The  energy  of 
the  blow  delivered  is  increased  by  increasing  the  height  of  fall 
of  the  hammer  1  centimeter  after  each  blow.  The  height  of 
blow  in  centimeters  at  failure  of  the  specimen  is  called  the  tough- 


^  Abstracted  from  Bulletin  370,  U.  8.  Department  of  Agriculture.  "Re- 
sults of  Physical  Tests  of  Road  Building  Rock/'  by  Provost  Hubbard, 
ehemical  engineer,  and  Frank  H.  Jackson,  Jr.,  assistant  chemical  engineer, 
Office  of  Public  Roads. 
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A  test  devised  by  the  French  and  sometimes  caUed  the  Deval 
testy  for  measuring  the  combined  action  of  abrasion  and  impact, 
is  as  follows:  Five  Idlograms  of  freshly  broken  rock  between  2 
and  2)  inches  in  size  is  tested  in  a  special  form  of  cylinder  so 
mounted  on  a  frame  that  the  axis  of  rotation  of  the  cylinder  is 
inclined  at  an  angle  of  30^  with  the  axis  of  the  cylinder  itself. 
The  fragments  of  rock  forming  the  charge  are  thus  thrown  from 
end  to  end  twice  during  each  revolution,  causing  them  to  strike 
and  rub  against  each  other  and  the  sides  of  the  cylinder.  After 
10,000  revolutions  the  reenilting  material  is  screened  through  a 
^inch  sieve  and  the  weight  of  the  material  passing  k  used  to 
calculate  the  percentage  of  wear.  The  French  coefficient  of 
wear  is  calculated  from  the  per  cent  of  wear  as  follows: 

French  coefficient  of  wear  •  40  -f  percentage  of  wear 

To  determine  the  binding  power,  or  cementing  value,  as  it  is 
usually  called,  500  grams  of  tne  material  to  be  tested  is  crushed 
to  pea  size  and  ground  with  water  in  a  ball  mill  imtil  it  has  the 
consistency  of  a  stiff  dough.  It  is  then  molded  into  cylindrical 
briquettes  25  by  25  millimeters  in  size,  which,  after  thorough 
drying,  are  tested  to  destruction  in  a  special  form  of  impact 
machine.  A  1-kilogram  hanmier  falls  through  a  constant  height 
of  1  centimeter  upon  an  intervening  plunger,  which  in  tiun  rests 
upon  the  test  piece.  A  graphic  record  of  tne  niunber  of  blows 
required  to  destroy  the  specimen  is  obtained.  The  number  of 
blows  producing  failure  is  called  the  cementing  value  of  the 
material. 

The  specific  gravity,  weight  per  cubic  foot,  and  the  water 
absorption  in  poimds  per  cubic  foot  are  obtained  on  samples  of 
rock  which  are  tested  to  determine  their  road-building  qualities. 
The  weight  per  cubic  foot  is  calculated  from  the  specific  gravity 
of  the  material  obtained  on  a  10-gram  sample  by  the  usual  dis- 

S>lacement  method.  The  gain  in  wei^t  of  this  fragment  after 
our  da3rs'  continuous  immersion  in  water  is  used  to  calculate 
the  water  absorption  in  pounds  per  cubic  foot  of  the  solid  rock. 
ResvUa  of  Tests. — ^Because  of  the  fact  that  the  various  rock 
families,  when  subjected  to  the  tests  outlined,  give  results  which 
are  more  or  less  distinctive  of  a  group  or  type,  these  results  can 
best  be  discussed  in  many  cases  collectively.  There  are  14  fam- 
ilies of  rock  which  are  more  or  less  commonly  used  in  macadam- 
road  construction.  The  variations  which  have  been  found  to 
esdst  in  the  three  principal  tests  for  each  of  these  are  shown  in 
graphic  form  in  the  diajgramfl  on  pages  314-320.  The  values  of 
tiie  tests  are  arranged  as  absdssffi,  with  the  zero  points  to  the 
left  and  the  values  numerically  increasing  toward  the  right. 
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The  ordinateB  or  vertical  lines  represent  the  percentages  of  the 
total  numbor  of  samples  having  values  corresponding  to  the 
absciss®  on  which  they  are  plotted.  The  figures  in  parentheses 
in  tiie  upper  right-hand  comer  of  each  block  represent  the  total 
number  of  determinations  from  which  these  percentages  were 
calculated. 

Andesite,  Basalt,  Diabase,  Diorite,  Gabbro,  and  Rhyolite 
comprise  the  well-known  group  of  road-building  rocks  commonly 
known  as  "trap.''  The  average  toughness  of  all  the  traps,  with 
the  exception  of  gabbro,  which  runs  somewhat  lower,  is  about  18. 
This  is  a  considerably  higher  average  than  that  shown  by  any 
of  the  other  types  or  groups.  The  same  relationship  holds  true 
in  the  abrasion  test,  the  average  French  coefficient  of  wear  run- 
ning from  about  13  to  16.  Comparatively  slight  variations  in 
hardness  are  noted  for  any  family  or  for  the  group  as  a  whole, 
the  average  hardness  for  which  is  about  18.  llie  binding  power 
of  the  traps  varies  through  wide  limits,  depending  lar^y  on  the 
degree  of  weathering  they  have  imdergone.  The  specific  gravity 
of  this  group  averages  about  2.9,  giving  an  average  wei^t  per 
cubic  foot  of  180  pounds.  Individual  samples  are  seldom  less 
than  2.7  nor  more  than  3.2  specific  gravity.  Water  absorption 
may  vary  from  a  few  hundredths  of  1  per  cent  to  over  7  per  cent. 

Granite  is  characterized  by  low  toughness  and  high  hardness. 
The  average  value  for  the  former  is  about  8,  while  that  for  the 
latter  runs  as  18.5.  The  abrasion  test  develop  an  average 
French  coefficient  of  wear  of  about  11.  Cementmg  values  run 
low,  the  only  exceptions  being  very  highly  weath^ed  material 
which  usually  shows  low  touglmess  and  resistance  to  wear.  The 
spedfic  gravity  averages  2.7.  The  weight  per  cubic  foot  aver- 
ages 168  poimds.  Water  absorption  has  becoi  found  to  run  from 
about  0.04  to  3  per  cent. 

The  limestones  and  dolomites,  or  magnesium  limestones,  are 
undoubtedly  the  most  widely  used  road-building  rock.  The 
average  French  coefficient  of  wear  is  about  8,  tou^mess  7,  and 
hardness  15.  The  cementing  values  are  usually  good,  about  75 
per  cent  of  all  samples  tested  running  over  25.  The  specific  grav- 
ity of  the  limestones  and  dolomites  averages  close  to  2.7.  In 
general,  the  weight  per  cubic  foot  wiU  average  about  168  pounds 
for  the  limestones  and  170  pounds  for  the  dolomite.  Absorption 
may  vary  from  a  few  hundredths  of  1  per  cent  to  over  13  per 
cent. 

The  sandstones  are  characterized  by  wide  variations  in  the 
resulte  of  all  tests.  The  average  French  coefficient  of  wear  is 
about  12,  average  toughness  about  10,  and  average  hardness 
about  16.  The  cementing  value  of  sandstones  varies  widely, 
upon  iheii  composition.    Their  specific  gravity  aver- 
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am  2.62.  The  weight  per  cubic  foot  averages  164  pounds, 
.^sorption  runs  from  a  few  hundredths  of  1  per  cent  to  about  2 
per  cent. 

The  average  toughness  of  marUe  is  about  5  and  the  average 
hardness  is  less  than  14.  Marbles  usually  show  good  cementing 
value  tests,  with  about  the  same  range  as  the  limestones  and 
dolomites.  The  specific  gravity  ordinarily  falls  between  2.7  and 
2.9  and  the  weight  per  cubic  foot  averages  173  pounds,  which  is 
somewhat  hi^er  tluui  the  average  for  either  limestone  or  dolo- 
mite.   The  maximum  absorption  is  under  2.5  per  cent. 

Quartzites  show  an  average  toughness  of  15.  The  quartsites 
invariably  show  a  low  cementing  value.  Their  specific  gravity 
usually  lies  between  2.6  and  2.8  and  their  average  weight  per  cubic 
foot  is  about  167  pounds.  Their  water  absorption  runs  from  a 
few  hundredths  of  1  per  cent  to  nearly  3  per  cent. 

Gneiss  and  schist  show  similar  pliiysical  properties.  The 
average  French  coeflBicient  of  wear  for  the  gneiss  samples  is  about 
9.  Tnek  average  hardness,  toughness,  specific  gravity,  wei^t 
per  cubic  foot,  and  absorption  are  approximately  the  same  as  for 
granite. 

The  schists  show  an  average  French  coefficient  of  wear  of  about 
12.  Their  average  hardness  is  about  17.5  and  their  toughness 
averages  11.  The  toughness  test  for  both  gneiss  and  s<£ist  is 
made  perpendicular  to  the  plane  of  foliation.  If  tak^i  hori- 
zontal to  the  plane  of  foliation  much  lower  results  would  be  ob- 
tained, as  failure  would  then  occur  along  these  natural  lines  of 
cleavage.  The  specific  gravity  of  schists  usuaUy  lies  between 
2.65  and  2.90  and  the  average  weight  per  cubic  foot  is  about  181 
pounds.  Water  absorption  is  seldom  over  2  per  cent  for  this 
family. 

With  the  exception  of  the  highly  altered  varieties,  both  gneisses 
and  scists  show  a  rather  low  cementing  value. 

Chert  is  a  very  hard  material,  but  frequently  shows  a  low  re- 
sistance to  wear,  owing  to  its  tendency  to  fractiu^  along  lines 
which  have  developed  as  shrinkage  cracks  in  the  rock  structure. 
For  this  reason  it  is  extremely  difficult  to  test  for  toughness.  The 
cementing  value  of  pure  chert  is  usually  low,  but  some  highly 
weathered  deposits  develop  in  service  good  cementing  value, 
especially  if  a  high-binding  clay  is  associated  with  it.  The 
f^^ch  coefficient  of  wear  has  usually  been  found  to  average  5, 
toughness  16,  and  the  hardness  coefficient  between  19  and  20. 
Specific  gravity  usually  Hes  between  2.4  and  2.65  and  the  aver- 
age weight  per  cubic  foot  is  about  160  pounds.  Water  absorp- 
tion may  run  from  a  few  tenths  of  1  per  cent  to  over  8  per  sent. 

Shales  and  slates  are  highly  laminated  rooks  that  tend  to  break 
into  flat  plates  not  suitable  for  road-building  purposes.    They 
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are  seldom  used  in  road  oonstniction,  except  perhaps  as  a  filling 
for  sub-foundations.  They  vary  grwtly  m  nearly  all  of  their 
physical  properties. 

Many  varieties  of  slag  resemble  in  certain  outward  respects 
the  common  road-buildmg  rocks.  However,  in  general,  they 
are  more  porous  and  glaa^,  and  vary  so  greatly  in  physical 
properties  that  with  rejference  to  their  physical  characteristics 
from  the  standpoint  of  road  construction  they  cannot  well  be 
considered  as  a  single  class  with  definite  limits  or  general  average 
nimierical  values. 


CONCRETE  ROADS 

Although  concrete  pavements  were  laid  at  Bellefontaine,  Ohio, 
in  1893  and  1894,  the  type  did  not  attract  general  attention  until 
fifteen  years  later.  During  1913,  over  10,000,000  square  3rards 
were  laid,  eight  times  as  much  as  in  1911.  This  rapid  develop- 
ment was  accompanied  by  marked  differences  in  methods  of  con- 
struction, which  aroused  some  apprehension  that  poor  results 
from  inferior  methods  would  retard  the  logical  adoption  of  the 
type  in  places  for  which  it  was  suited.  Accordingly  road  and 
street  engineers  and  contractors  from  all  parts  of  the  country 
met  in  February,  1914,  for  a  three-day  discussion  of  concrete 
road  building.  The  report  of  this  conference  exercised  a  standard- 
izing influence  on  methods  of  construction,  as  had  the  somewhat 
earlier  adoption  by  the  American  Concrete  Institute  of  stand- 
ard specifications  for  concrete  roads  and  pavements.  Some  of 
the  methods  of  construction  presented  features  which  required 
detailed  investigation,  and  committees  were  appointed  for  such 
work.  In  February,  1916,  a  second  national  conference  was 
held,  at  which  the  reports  of  these  committees  were  received 
and  discussed.  This  chapter  summarizes  the  information  pre- 
sented at  that  conference. 

« 

Foundation  and  Subgrade 

The  following  opinions  regarding  foundations  and  subgrade 
were  adopted  by  the  1916  conference: 

When  roadways  are  oonstruoted  over  fills,  extreme  o&re  should  be  ob- 
served to  insure  the  use  of  proper  materials  in  layers  of  such  thiclmess 
that  thev  may  be  thoroughly  compacted  so  that  when  the  fill  is  completed 
there  will  be  a  minimum  of  settlement.  In  general,  fills  shall  be  made  in 
thm  layers,  the  depth  depending  on  the  character  of  material  to  be  used 
in  makmff  the  fill.  The  nil  should  be  allowed  to  stand  for  as  long  a  time 
as  possible,  giving  it  an  opportunity  to  settle  thoroughly  before  the  pave- 
ment is  placed  thereon.  Deep  fills  should  be  allowed  to  settle  through 
one  winter  wherever  such  procedure  is  possible.  Puddling  will  be  found 
advantageous  in  compacting  deep  fills.  Wetting  and  rolling  shall  be  per- 
formed when  making  a  fill  in  order  to  secure  thorough  compactness.  Fills 
should  never  be  made  with  frozen  materials  nor  with  lumps  greater  than  6 
inches  in  their  greatest  dimension. 

The  fundamental  requirement  of  the  subgrade  is  that  it  should  be  of 
uniform  density  so  that  it  will  not  settle  unevenly  and  cause  cracks  in  the 
surface  of  the  pavement.    No  part  of  the  work  is  more  worthy  of  inteili- 
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gent  care  and  painstaking  labor  than  the  preparation  of  the  subgrade.  The 
fluwht  additional  cost  necessary  to  insure  good  results  is  abundantly  jus- 
tifiable. When  the  pavement  is  constructed  on  virgin  soil,  care  should 
be  taken  to  remove  all  soft  spots  so  as  to  insure  a  uniform  density;  and  if 
constructed  on  an  old  roadbed,  even  ^ater  care  must  be  taken  to  secure 
unifoim  density,  as  the  subgrade  is  likely  to  be  more  compact  in  the  cen- 
ter than  at  the  sides.  An  old  roadbed  should  be  scarified,  reshaped  and 
rolled.    The  subgrade  adjacent  to  curbs  should  be  hand-tamped. 

The  importance  of  a  uniformly  firm  support  for  the  concrete 
slab  was  not  fully  appreciated  by  all  roadbuilders.  There  was  an 
opinion  among  some  that  the  concrete  would  act  as  a  beam  and 
distribute  the  loads  coming  on  it  over  such  a  wide  area  that  inequali- 
ties in  the  sustaining  power  of  the  earth  would  prove  unimportant. 
The  number  of  cracks  in  concrete  pavements  attributable  to  im- 
warranted  confidence  in  this  beam  action  is  beyond  proof,  but 
today  the  opinion  is  generally  held  that  the  money  spent  in  se- 
curing a  firm  foundation  is  a  wise  outlay  to  insure  low  mainte- 
nance charges.  This  is  particularly  the  case  where  an  old  road 
is  used  for  a  foimdation.  It  is  unlikely  that  a  concrete  pavement 
will  be  laid  on  it  until  the  old  road  needs  repairs.  If  the  sur- 
face is  then  merely  leveled  by  a  thin  course  of  stone  or  gravel,  it 
is  possible  that  there  will  be  weak  places,  particularly  along  the 
sides  of  the  road. 

Drainage 

The  1916  conference  adopted  the  following  statement  of  the 
principles  which  should  govern  the  drainage  of  the  roadbed  sup- 
porting a  concrete  slab: 

The  draina^  of  the  roadbed  is  of  vital  importance.  If  the  subgrade 
is  not  well  drained  there  is  danger  of  unequal  settlement  and  of  frost  action, 
which  will  cause  cracks.  The  method  of  drainage  to  be  used  will  depend 
on  local  conditions.  For  streets^  as  well  as  roads,  tile  drains  ma^  be  used 
which  should  be  laid  on  each  side  of  the  roadway,  or  on  one  side  only, 
with  cross-drains  leading  thereto  at  a  suitable  depth,  depending  on  the 
width  of  the  pavement.  Drainage  trenches,  if  placed  under  the  subgrade, 
should  be  completed  before  final  rolling. 

There  is  an  objection  to  the  use  of  cross-drains  under  thin 
concrete  roads  which  is  not  serious  in  most  cases  but  may  be 
under  some  conditions.  It  is  practically  impossible  to  compact 
the  material  over  a  blind  drain  as  thoroughly  as  that  of  the  main 
portion  of  the  subgrade,  and  each  blind  di^n  is  likely  to  be  a  weak 
place  in  the  foundation.  An  alternative  for  them  which  some 
engineers  have  advised  is  the  construction  of  a  blind  drain  just 
outside  each  edge  of  the  concrete  slab  and  extending  8  or  10 
inches  below  the  subgrade.  These  drains  are  connected  every 
50  feet  with  the  side  ditches  by  blind  drdns.    All  drains  imder 
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the  roadway  should  have  a  covering  of  sand  or  fine  gravel  on 
top  to  prevent  the  mortar  in  the  wet  concrete  from  passing  into 
the  broken  stone  or  gravel  of  the  drain. 

Cross-section  of  Roads 

The  following  statements  were  adopted  by  the  1916  conference 
regarding  the  section  of  the  concrete  pavement: 

The  thickness  of  a  concrete  road  or  pavement  is  controlled  by  many 
factors,  each  of  which  should  be  given  consideration.  In  view  of  the  in- 
creasing use  of  the  heavy  motor  truck  and  bus,  it  seems  unwise  to  buUd 
pavements  with  a  thickness  of  less  than  six  incnes  at  any  point.  In  Ken- 
eitil,  pavements  should  be  thicker  at  the  center  than  at  the  sides.  AUe^ 
with  an  inverted  crown,  and  narrow  one-slop>e  roads,  should  have  a  uni- 
form thickness.  Wherever  the  thickness  can  be  increased  without  excess- 
ive cost,  to  secure  a  flat  9ubgrade,  or  one  nearly  flat,  such  increase  is 
advisable. 

The  desirable  width  for  single-track  roads  is  10  feet.  The  desirable 
width  of  double-track  roads  is  18  feet.  The  total  width  of  the  roadway 
should  not  be  less  than  20  feet  for  single-track  roads  and  not  less  than  2^ 
feet  for  double-track  roads. 

The  crown  of  roads  and  pavements  should  be  not  less  than  one  one- 
hundredth  nor  more  than  one-fiftieth  of  the  total  width.  Except  in  un- 
usual cases,  one  one-hundredth  will  be  sufScient  for  country  roads  and  one- 
fiftieth  will  be  considered  satisfactory  for  alley  pavenents.  For  city 
streets  an  average  crown  of  one-seventy-fifth  will  generally  be  found 
sufficient  and  should  not  be  reduced,  except  on  grades. 

Single-track  concrete  roads  are  occasionally  built  on  the  right- 
hand  side  of  the  roadway  going  in  the  direction  of  the  heavy 
traffic.  This  gives  the  loaded  wagons  the  better  surface.  The 
templet  used  in  determining  the  section  of  the  road  is  the  same 
as  for  a  double-track  road  but  only  one-half  the  road  is  concreted. 
In  Huron  and  Medina  Counties,  single-track  roads  have  been 
buOt  as  one-slope  roads  instead  of  half  the  section  of  double-track 
roads,  and  this  construction  is  preferred  by  some  engineers. 

In  Wayne  County,  Michigan,  it  has  been  decided  to  make 
concrete  roads  18  feet  wide  wherever  possible,  and  never  less 
than  16  feet.  Near  Detroit  the  width  will  be  20  feet.  While 
this  increase  in  width  from  10, '  12,  15,  and  16  feet  will  add 
materially  to  the  fij'st  cost,  it  is  expected  to  prove  economical 
in  the  long  run,  because  the  expense  of  maintaining  heavy  broken 
stone  or  gravel  shoulders  will  be  avoided.  This  maintenance  is  a 
large  sum  on  comparatively  narrow  roads  with  heavy  traffic. 

There  is  a  decided  difference  of  opinion  regarding  shoulders 
for  concrete  roads.  Some  engineers  hold  that  the  natural  soil 
should  be  used,  and  where  satisfactory  shoulders  cannot  be 
made  of  it  the  width  of  the  concrete  should  be  increased.  Other 
engineers  recommend  gravel  or  broken  stone  shoulders  after 
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experience  with  them.  The  difference  of  opinion  is  probably 
due  to  differences  in  the  quality  of  the  earth  which  must  be 
used  for  earth  shoulders  and  to  differences  in  the  character  of  the 
traffic,  upon  which  the  opinions  are  based.  There  is  no  question, 
however,  that  if  traffic  makes  frequent  use  of  shoulders  of  clay 
or  clayey  loam,  they  are  speedily  ruined,  and  if  heavy  traffic  makes 
frequent  use  of  macadam  shoulders,  the  junction  between  the 
concrete  and  broken  stone  becomes  a  long  rut.  In  either  case  the 
proper  maintenance  of  the  shoulders  will  be  expensive.  If  two 
macadam  or  gravel  shoulders  wider  than  4  feet  are  considered 
necessary,  it  is  advisable  in  every  case  to  consider  the  alternative 
of  an  increased  width  of  concrete.  The  construction  of  gravel 
and  macadam  shoulders  should  be  postponed,  if  practicable,  until 
a  month  after  the  concrete  road  has  been  finished,  and  they  should 
be  left  slightly  higher  than  the  concrete  to  facilitate  turning 
out  on  them. 

In  cuts,  where  the  grades  are  over  5  per  cent,  it  is  usually  neces- 
sary to  pave  the  ditches  and  to  use  gravel  or  macadam  shoulders. 
The  maintenance  of  these  ditches  and  shoulders  is  expensive, 
and  it  is  possible  that  money  will  be  saved  in  the  end,  even  on 
single-track  roads,  by  increasing  the  width  of  the  concrete  and 
adding  a  concrete  ditch  and  curb  at  each  side.  The  ordinary 
construction  will  call  for  a  10-foot  concrete  road,  8  feet  of  shoul- 
ders and  8  feet  of  ditches,  a  total  of  26  feet  width  of  cut  at  the 
bottom  of  the  excavation.  For  this  can  be  substituted  a  concrete 
roadway  16  feet  wide  with  two  integral  curbs  bringing  the  total 
width  to  17  feet  8  inches.  The  curb  acts  as  an  abutment  for  the 
toe  of  the  slope. 

On  fills  over  5  or  6  feet  high,  where  turning  out  on  a  soft  shoulder 
may  cause  a  serious  accident,  it  is  desirable  to  widen  a  single- 
track  pavement  to  16  feet  unless  the  top  of  the  fill  is  so  wide  that 
an  overturned  car  will  not  roll  down  the  slope.  In  any  such  case, 
the  safety  of  the  public  requires  a  more  careful  study  of  the 
dangers  on  embankments  than  was  given  to  the  subject  before 
automobiles  became  numerous.  Attention  is  called  to  the 
record  of  deaths  and  injuries  on  page  246. 

Materials 

Cement  is  bought  for  most  road  work  under  the  standard 
specifications  of  the  American  Society  for  Testing  Materials, 
which  were  revised  in  1916.    They  are  printed  in  the  next  chapter. 

The  following  statements  regarding  fine  and  coarse  aggregate 
were  adopted  by  the  1916  coirference: 

The  selection  of  proper  aggregates  for  concrete  road  construction  is 
of  utmost  importance.    Clean,  hard,  well-graded  materials  are  absolutely 
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essential  to  success.  For  this  reason  samples  of  tke  materials  proposed 
for  use  should  be  submitted  to  the  engineer  for  approval  before  orders 
are  placed.  These  samples  should  be  carefully  inspected;  and  if  possible 
laboratory  tests  made  to  determine  their  suitability.  If  laboratory  tests 
on  shipments  cannot  be  made,  field  tests  can  be  used  to  furnish  a  general 
indication  of  quality. 

The  different  aggregates  should  be  kept  clean  and  separate. 

Aggregates  to  be  used  in  the  wearing  course  of  two-course  pavements 
should  never  be  placed  on  the  subgrade  but  on  planks  or  some  other  means 
provided  to  keep  them  free  from  dirt.  When  aggregates  are  placed  di- 
rectly on  the  subgrade  care  should  be  used  bv  the  shovelers  to  avoid  get- 
ting clay  or  earth  shoveled  from  the  subgrade  into  the  mix.  Aggregates 
should  not  only  be  clean  when  they  are  delivered  on  the  job,  but  clean 
when  placed  in  the  mixer. 

Investigations  to  determine  the  usefulness  of  the  rattler  test 
to  show  the  value  of  different  concrete  mixtures  for  road  work 
indicate  that  it  may  prove  of  value.  For  the  present,  however, 
the  older  practice  of  relying  on  tests  of  the  stone  is  being  followed 
wherever  any  testing  is  done.  Generally  the  best  clean,  hard  and 
tough  crushed  rock  or  gravel  is  used,  provided  it  will  give  a  con- 
crete harder  than  the  mortar  used  with  it.  It  is  desirable  to 
use  stone  having  a  French  coefficient  of  wear  of  at  least  8. 

Experience  indicates  that  cracks  occur  more  often  in  gravel 
concrete  than  in  stone  concrete.  Probably  this  is  largely  due 
to  the  very  fine  material  on  the  surface  of  most  gravel  pebbles, 
which  must  be  washed  off  carefully  to  make  the  material  fit  for 
road  work. 

Fine  aggregate,  or  "sand,"  is  generally  required  to  pass  a  i- 
inch  screen.  Not  more  than  25  per  cent  miist  pass  a  50-mesh 
sieve  and  not  more  than  5  per  cent  a  100-mesh  sieve.  It  must 
contain  no  vegetable  or  other  deleterious  matter  and  not  over  3 
per  cent  by  weight  of  clay  or  loam.  The  sand  should  be  tested 
frequently  in  the  field  by  shaking  a  sample  with  water  in  a  grad- 
uated glass  and  allowing  it  to  settle  for  an  hour.  If  there 
is  more  than  about  5  per  cent  of  very  fine  material  showing  on  the 
top  of  the  sand,  samples  should  be  sent  to  the  laboratory.  Nat- 
ural sand  or  screenings  from  hard,  tough,  durable  rock  may 
be  used.  Natural  sand  sometimes  contains  vegetable  acids 
which  reduce  its  value  for  good  concrete.  Their  presence  is 
determined  by  making  similar  briquettes  of  the  natural  sand 
and  of  standard  Ottawa  sand,  and  no  natural  sand  should  be  used 
in  road  work  which  does  not  give  a  strength  at  least  equal  to 
that  obtained  with  Ottawa  sand.  The  best  sand  is  that  in  which 
the  coarse  particles  predominate.  Improvements  can  sometimes 
be  made  by  mixing  two  natural  sands  or  a  fine  sand  and  screenings. 

The  standard  specifications  for  coarse  aggregate,  or  "stone" 
call  for  material  passing  a  2-inch  round  opening,  with  not  more 
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than  5  per  cent  passing  a  screen  having  four  meshes  per  inch 
and  without  any  intermediate  sizes  removed. 

The  water  used  in  making  the  concrete  must  be  free  from  oil, 
acid,  alkali  or  vegetable  matter. 

Proportions 

The  1916  conference  adopted  the  following  statements  of  the 
principles  governing  the  proportions  of  the  materials: 

The  method  of  measuring  materials  for  the  concrete,  including  water, 
should  be  one  which  will  insure  accurate  proportions  of  each  of  the  in- 
gredients at  all  times.  It  is  recommended  that  a  sack  of  Portland  ce- 
ment, containing  d4  pounds  net,  be  considered  the  equivalent  to  1  cubic 
foot. 

The  proportions  should  not  exceed  5  parts  of  fine  and  coarse  aggregate 
measured  separately  to  1  part  of  Portland  cement,  and  the  fine  aggregate 
should  not  exceed  40  per  cent  of  the  mixture  of  fine  and  coarse  aggregates. 

The  standard  specifications  for  one-course  country  roads  call 
for  one  sack  of  cement  to  not  more  than  2  cubic  feet  of  fine  aggre- 
gate and  not  more  than  3  cubic  feet  of  coarse  aggregate,  with 
the  volimie  of  fine  aggregate  never  less  than  half  that  of  the 
coarse  aggregate.  A  cubic  yard  of  the  mixed  concrete  must 
contain  at  least  1.7  barrels  of  cement.  The  amount  of  water 
used  must  be  enough  to  produce  concrete  holding  its  shape 
when  struck  with  a  template.  Concrete  which  has  partly  hard- 
ened must  never  be  used. 

The  standard  specifications  for  two-course  pavements  call 
for  a  base  mixed  in  the  proportions  of  1  sack  of  cement  to  not 
more  than  2^  cubic  feet  of  fine  aggregate  and  not  more  than  4 
cubic  feet  of  coarse  aggregate,  with  at  least  half  as  much  fine  as 
coarse  aggregate.  Two  grades  of  top  aggregate  are  specified 
for  the  top  course;  No.  1  must  pass  a  |-inch  screen  and  have  not 
over  10  per  cent  passing  a  ^-inch  screen,  and  No.  2  must  pass  a 
1-inch  screen  and  have  not  over  5  per  cent  passing  a  ^-inch 
screen.  Two  mixtures  are  specified  for  the  top  course.  Mix- 
ture 1  consists  of  one  sack  of  cement  to  not  more^han  1  cubic 
foot  of  fine  aggregate  and  not  more  than  l^ubic  feet  of  No. 
1  top  aggregate.  Mixture  2  consists  of  one  sack  of  cement 
to  not  more  than  1|  cubic  feet  of  fine  aggregate  and  not  more 
than  2|  cubic  feet  of  No.  2  top  aggregate.  The  volimie  of  fine 
aggregate  must  equal  half  the  volume  of  top  aggregate  in  either 
mixture. 

The  quantities  of  cement,  sand  and  gravel  required  to  build 
a  mile  of  road  of  different  widths  and  thicknesses  are  given  in  the 
accompanying  tables,  supplied  by  the  Portland  Cement  Associa- 
tion.   They  are  based  on  the  assumption  that  a  barrel  of  cement  is 
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equivalent  to  4  cubic  feet  and  the  voids  in  the  stone  are  45  per 
cent.  Variations  from  the  tabulated  quantities  may  amount 
to  10  per  cent  either  way. 

The  proportions  of  cement,  sand  and  stone  should  be  such 
that  the  concrete  will  have  the  properties  desired  for  a  road. 
Where  good  stone  is  expensive  but  softer  stone  is  cheaper,  a  two- 
course  pavement  utilizing  the  poor  stone  in  the  base  and  the  hard 
stone  in  the  top  may  prove  more  economical  than  a  thinner  one- 

QuantitieB  of  Cement,  Sand  and  Stone  Required  for  One  Mile  of  Single^ 
Couree  Concrete  Bead  of  Different  Widths  and  Thickneesee 

(Fumiahed  by  the  Portland  Cement  Aseociation) 


ft. 

10 
10 
12 
12 
14 
14 
14 
14 
16 
16 
18 
18 
20 
20 
22 
22 
24 
24 
30 
30 


5 
6 
5 
6 
5 
5 
6 
6 
5 
6 
5 
6 
5 
6 
5 
6 
5 
6 
5 
6 


I 


0.540 
0.633 
0.667 
0.778 
0.799 
0.821 
0.929 
0.951 
0.938 
1.086 
1.083 
1.250 
1.235 
1.420 
1.019 
1.222 
1.111 
1.333 
1.389 
1.667 


5,867 

5,867 

7,040 

7,040 

8,213 

8,213 

8,213 

8,213 

9,387 

9,387 

10,560 

10,560 

11,733 

11,733 

12,907 

12,907 

14,080 

14,080 

17,600 

17,600 


TOLCJlfB 
OON- 


ea.wda. 

951 
1113 
1173 
1369 
1407 
1445 
1635 
1673 
1651 
1912 
1907 
2200 
2173 
2499 
1794 
2151 
1955 
2346 
2444 
2934 


:  1:9:4 


I 

I 


1436 
1680 
1771 
2067 
2125 
2182 
2469 
2526 
2493 
2887 
2880 
3322 
3281 
3773 
2709 
3248 
2952 
3543 
3690 
4430 


428 
496 
521 
608 
625 
650 
728 
753 
735 
851 
849 
979 
967 
1112 
798 
957 
870 
1044 
1087 
1305 


856 
991 
1043 
1218 
1250 
1298 
1455 
1504 
1469 
1702 
1697 
1958 
1934 
2224 
1597 
1914 
1740 
2088 
2175 
2611 


loz;  1:2:1 


! 


66b. 

1654 
1938 
2040 
2382 
2448 
2514 
2845 
2911 
2873 
3327 
3318 
3828 
3781 
4348 
3122 
3743 
3402 
4082 
4253 
5105 


en. 

494 

578 

610 

710 

732 

751 

850 

870 

859 

994 

992 

1144 

1130 

1300 

933 

1119 

1017 

1220 

1271 

1526 


Ctt. 

732 


8562124 


903 
1054 
1084 
1113 
1259 
1288 
1271 
1472 
1468 
1694 
1673 


mx;  1:  If:  I 


662t. 
1818 


2240 
2614 
2685 
2760 
3121 
3195 
3153 
3652 
3642 
4202 
4150 


1924  4773 
13813426 
16564108 
15053734 


1806 


2259 


4482 


18824670 


5603 


405 
473 
498 
582 
597 
607 
695 
703 
702 
813 
810 
935 
924 
1062 
762 


I 


9141828 


831 

997 

1038 

1247 


eu. 

809 
946 
997 
1164 
1195 
1228 
1390 
1422 
1403 
1625 
1621 
1870 
1847 
2124 
1525 


1662 
1994 
2077 
2494 


course  pavement  of  the  harder  stone.  In  any  case  the  amount 
of  mortar  used  should  be  about  10  per  cent  in  excess  of  the  voids 
in  the  stone.  There  isTso  much  variation  in  the  grading  of  sand 
and  stone  that  a  1 : 2  :*4  mixture  in  one  place  may  be  equal  to  a 
1:2:3  mixtureMn  another.  As  the  work  progresses,  the  quality 
of  the  concretejmust  be  watched  carefully,  and  the  proportions 
shifted  so  that  the  greatest  density  will  be  obtained.  Attention 
to  this  featurejof  the  work  is  considered  very  important  by  ex* 
perienced  concrete  road  builders. 


Building  a  Concrete  Road  in  Ohio 


CurinK  0  Concrete  Road  liy  PondinR 


Concrete  for  Permanence 


"CRESCENT*  for  Concrete 


■  EUnbUibed  IISl 


The  Lawrence 

Cement  Co. 

No.  1  Broadway       New  York 
Sailing  Agents  for 

PORTLAND  ^^CEMENT 

In  Successhil  Use  Upwards  of  a 
Qiurtci'-Century 


"Concrel*  for  Permanence" 


Guaranteed  6  per  cent  Finer  pei 
No.  200  Sieve  than  New  Standard 
Specifications  Require 

ASH  GROVE  SUPERFINE 
PORTLAND  CEMENT 

The  Moit  Perfect  and  Unifonn  Cement  Mule 


Low  in  magnesia  and  Sulphuric  anhydride 
E)ensest  and  most  waterproof  concrete 


Some  Everlasting  ALPHA  Roads 


Knickerbocker 
for  Durability 

There  are  more  than  a  hundred 
miles  of  Knickerbocker  Concrete 
Roads  in  New  York  and  New 
England. 

A  Concrete  Road  Prop- 
erly Constructed  will 
Outlive  any  Bond  Issue 
or  Guarantee. 

Knickerbocker 
Portland  Cement  Co. 

New  York,  30  East  42d  Street 


The  Famous  Concrete 
Roads    of    Illinois 

Were  Largely  Built  of 

Marquette  Portland 
Cement 

"The  Certified  Cement" 


The  concrete  road  is  the  road 
for  satisfaction;  use  Marquette 
Portland  Cement  for  entire  satis- 
faction. 


Marquette  Cement 
Manufacturing  Co. 


Northwestern  States 
Portland  Cement  Co. 


NORTHWESTERN    BRAND 
The  Reliable  Portland  Cement 

A  Portland  Cement  for  the 
Northwest 


Marquette  Building 


Chicago 


General  Offices  and  Works 
Mason  City,  Iowa 


For  Good  Service  Build 


Concrete  Roads 


For  Good  Concrete  Use 

Medusa  Cement 

A      Guaranteed 
Quality  Product 


Sandusky    Portland 
Cement  Company 

-    Cleveland,  Ohio 
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There  is  nothing  mysterious 
about  Concrete  Roads 

The  simple  principles  of 

good    construction    are 

explained  in 

"Concrete  Highways'' 

a  copy  of  which  can  be 
had  for  the  asking.  It 
tells  how  to  obtain  the 
greatest  read  values  for 
road  taxes. 

Dixie  Portland  Cement  Co. 

Chattanooga,  Tenn. 


Concrete  for  Good  Roads 

Build  in  concrete  for 
durability,  for  low  first 
cost,  and  for  low  main- 
tenance, but  build  right. 

The  Atlas 
Roadbuilding  Service 

under  experienced  engi- 
neers IS  prepared  to  ren- 
der valuable  assistance 
in  preparing  plans  and 
estimates.  Write  for 
the  Atlas  Handbook  on 
Highway  Construction 
and  Standard  Specifica- 
tions. 

The  Atlas  Pordand  Cement  Co. 

NEW  YORK         -         .         M  Broad  Street 
CHICAGO,  Corn  Exchange  Bank  Building 


Works: 
IBgypt.  Pa. 
Lesley,  Pa. 
Norfolk.  Va. 


Concrete  for  Permanent  Roads 

During  1916  many  thousands  of  barrels  more  of  GIANT 
Portland  Cement  were  shipped  for  use  in  this  type  of 
road  construction,  and  GIANT  continues  to  sustain  our 
claim  that  it  is  as  well  adapted  for  concrete  roads  as  for 
any  of  the  other  multitudinous  uses  to 
which  it  has  been  put. 

Giant  Portland    Cement   Company 


PHILADELPHIA 
Pennsylvania  Bulldlnft 


1883-1917 

NEW  YORK 
3Q  Church  St. 


BOSTON 
161  DeTonshlte  St. 


The  Wolverine  Portland  Cement  Co. 

COLDWATER,  MICH. 

WOLVERINE 

HAS  NO  SUPERIOR  FOR  ROAD  WORK 

QUALITY **There'8  None  Better"     -SERVICE 

CONCRETE  FOR  PERMANENCE 
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The  Baker 
Finishing  Machine 
For  Concrete  Roads 

When  it  passes  over  the  concrete 
it  not  only  leaves  a  perfect  crown 
but  forces  out  all  bubbles  of  air 
and  excess  water.  A  vibrating 
and  compressing  pan  tamps  the 
concrete,  producing  a  smooth, 
hard  wearing  surface. 

OTHER  PRODUCTS 

The  Baker  Armor  Plate 
The  Baker  Installation  System 
The  Baker  Steel  Curb  Form 
The  Baker  Steel  Side  Rail 

THE  R.  D.  BAKER  CO. 

Detroit,  Mich. 


The 

American  Steam  Shovel 

A  Sturdy,  Handy  and  Rapid 
Revolving  Shovel  for  all 
Roadbuilding  Uses. 

The  American  Clay  Machinery  Co. 

Bucyrus,  Ohio 


HAYWARD   BUCKETS 

for 

Unloading  Sand,  Gravel  and  Broken 
Stone  from  Cars  to  Bins  or  Wagons 

Save  time  and  money 

Send  for  phamphlets  explaining  their 
use  in  this  way 

The  Hayward  Company 

M  Church  St.  New  York 


PLANTS  FOR 

HANDLING  and  WASHING 
SAND  and  GRAVEL 

Write  for  Catalogue 

The  Raymond  W.  Dull  Co. 

Conway  Building  Chicago 


Economical 

Excavating  and  Conveying 

Installations 


for 


Sand  and  Gravel  Plants 

Sauerman  Brothers 

1140  Monadnock  Block  Chicago 


The 


IDEAL  CINCINNATUS 
TRACTION  PAVER 


The  kind  it  is  safe  to  use  way  out 
in  the  country,  far  from  the  repair 
shop. 

Made  in  7,  10  and  14  Cubic  Foot 
Sizes,  driven  by  either  gasoline  or 
steam  engines. 

Their  construction  is  fully  described 
in  a  new  catalogue. 

IDEAL  CONCRETE 
MACHINERY  COMPANY 

1351  Monmouth  Ave.  Glnctnnati 


340 


Bituminous  Concrete 
Mixers 

Three  Sizes,  Side  or  End 
Discharge 


Cement  Concrete 
Paving  Mixers 

Four   Sizes,   Boom-and-Bucket 
or  Spout 


Steam,  Gasoline  or  Electric 

Power 


Our  boom-and-bucket  paver  has  the 
greatest  distributing  range  without 
moving  the  mixer. 

Koehring    Machine    Go. 

Milwaukee,  Wis. 


"THE  STANDARD" 
ROAD  CONCRETE   MIXER 

Equipped  with  skip  loader,  steam 
engine,  boom  and  bucket  or 
sectional  distributing  spout. 

Capacity,  11  cubic  feet  of  un- 
mixed or  9  cubic  feet  of  mixed 
material. 

Semi-automatic  water  tank; 
throwing  a  valve  adds  the  right 
amount  of  water  to  each  batch. 

Write  far  Catalogue  No.  62 

THE  STANDARD 
SCALE  &  SUPPLY  CO. 

1631  Liberty  Ave.  Pittsburgh,  Pa. 


Chictgo 
PhUadelphia 


New  York 
Clereland 


Baltimore 
DalUs 


Foote  Mixer  Service 

We  b^an  making  concrete  mixers  twenty  years  ago  and  started 
at  the  same,  time  a  definite  service  poKcy.  That  policy  was  to  make 
sure  the  mixer  was  "right";  it  bc^an  long  before  the  mixer  was  sold 
and  lasted  until  it  had  done  its  work.  The  same  policy  has  been 
maintained  ever  since  it  was  started,  with  the  result  that  62  per 
cent  of  our  orders  last  year  were  from  old  Foote  users. 

C.  Foote  Manufacturing  Co.,  Inc. ,  Nunda,  N.  Y. 


Foote  Concrete  Machinery  Co.,  Chicago 
WUcoz  Bros.,  Inc.,  BInahamton,  N.  Y. 


Edward  R.  Bacon  Co.,  San  Frandaco 
E.  J.  McHarft  Co.,  Blnfthamton,  N.  Y. 


The  Standard  Concrete  Mixers 

RANSOME 

Everything  Required  in  Concrete  Machinery  From  Sand 

Pile  to  Form 

Ransome   Concrete  Machinery   Company 

Donellen,  N.  J. 
Chlcafko,  208  N.  CUnton  St.  New  York,  115  Broadway 

San  Francisco,  Hearst  Building 
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Mixing 

The  principles  that  should  govera  mixiiig  were  stated  aa  fol- 
lows by  the  1916  conference: 

The  ingredients  should  be  mixed  in  a  batch  mixer.  Themiziiis  should 
be  continued  for  at  least  one  minute  after  all  the  materials  ara  in  the  mixsr 
and  before  any  of  the  concrete  is  discharged,  llie  speed  of  the  mixer 
should  not  exoeed  16  revolutions  per  minute;  however,  the  time  and  not 
the  number  of  revolutions  shoula  be  the  gage  of  proper  mixing. 

The  practice  is  to  mix  concrete  entirely  too  wet.  The  cODSiatfinoy 
6boa!d  be  such  as  not  to  require  tamping,  but  not  so  wet  as  to  cause  the 
separation  of  the  mortar  from  the  aggregate  in  handling  and  placing.  The 
strength  and  wearing  qualities  of  the  concrete  are  vitally  lessened  by  an 
excess  of  water  in  mixmg. 

The  reason  for  fixing  one  minute  as  the  TniniiniiTn  time  for 
mixiiig  is  that  testa  have  shown  that  water  is  not  worked  througli 
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the  mass  as  it  should  be  in  less  than  a  minute.  A  smaller  quan- 
tity of  water  can  be  used  with  long-time  mix  ng  than  with  short- 
time  mixing  and  the  same  degree  of  fluidity  obtained.  On  ac- 
count of  the  desirability  of  keeping  the  amount  of  water  as  close 
as  possible  to  1  gallon  per  cubic  yard  of  concrete,  at  least  one 
minute  mixing  time  is  desirable.  If  a  large  quantity  of  water 
is  used  and  the  mixing  time  is  less  than  a  minute,  the  product 
may  appear  uniform  to  the  eye  when  it  actually  is  not  well  mixed. 
The  reason  for  restricting  the  speed  of  the  mixer  to  16  revolu- 
tions per  minute  is  that  at  a  higher  speed  some  of  the  material 
sticks  to  the  drum  and  there  is  considerable  splashing  as  the 
concrete  is  discharged.  At  least  10  revolutions  are  necessary 
to  mix  the  aggregate. 

Pldcing 

The  principles  governing  placing  were  stated  as  follows  by  the 
1916   conference: 

If  the  subgrade  has  been  disturbed  by  teaming  or  other  causes^  it  should 
be  brought  to  its  former  surface,  and  thoroughly  moistened  with  water. 
The  concrete  should  be  deposited  rapidly  to^  the  required  depth  and  width. 
The  section  should  be  completed  to  a  transverse  joint,  with  the  use  of 
intermediate  forms  or  bulkheads,  or  a  transverse  joint  may  be  placed  at 
the  point  of  stopping  the  work.  In  case  the  mixer  breaks  down  the  concrete 
should  be  mixed  by  hand  to  complete  the  section.  Where  reinforcement 
is  used  it  should  be  embedded  in  tne  concrete  before  the  concrete  has  begun 
to  harden;  the  concrete  above  the  reinforcement  should  be  placed  within 
20  minutes  after  the  placing  of  the  concrete  below. 

In  two-course  pavements  the  top  should  be  placed  within  twenty  min- 
utes after  the  placing  of  the  bottom. 

The  standard  specifications  allow  forty-five  minutes  as  the 
maximum  time  between  the  laying  of  the  bottom  course  and  the 
placing  of  the  top  course. 

Practically  all  concrete  roads  are  built  with  special  paving 
mixers  which  discharge  the  concrete  on  the  road  where  it  is  to 
be  used  by  means  of  chutes  or  buckets  hauled  along  a  boom  that 
can  be  swung  from  one  side  of  the  road  to  the  other.  The  pitch 
of  the  chute  should  be  steep  enough  to  deliver  concrete  of  a 
proper  consistency  readily.  In  the  attempt  to  cover  consider- 
able area,  contractors  sometimes  set  the  chute  at  a  flat  angle 
and  use  too  much  water,  in  order  to  make  the  concrete  flow 
readily.  Tests  have  shown  that  the  least  angle  of  the  chute 
should  be  20  degrees.  If  the  chute  is  new  or  rusted,  concrete 
with  a  proper  amoimt  of  water  will  flow  rather  slowly  down  a 
20  degree  slope  imtil  the  metal  surface  has  been  smoothed  by  the 
wet  mass.  For  this  reason  the  chute  may  need  a  steeper  slope 
at  the  outset  than  later. 
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The  1916  conference  adopted  the  following  statement  of  the 
principles  that  should  govern  the  use  of  forms  to  retain  the  con- 
crete at  the  sides  of  the  roadway: 

Metal  forms  of  sufficient  strength  to  withstand  the  necessary  hard 
usage  are  preferred.  When  wooden  forms  are  used  they  should  be  of  at 
least  2-inch  stock  and  capped  with  a  2-inch  angle  iron,  so  constructed  that 
adjacent  sections  can  be  lapped.  Forms  should  have  a  width  not  less 
than  the  thickness  of  the  pavement  at  the  sides.  Particular  care  should 
be  exercised  to  see  that  the  top  edges  of  forms  are  clean  so  as  to  ayoid  un- 
evenness  in  the  finished  pavement.  If  forms  are  warped  or  stakes  not 
properly  placed,  a  poor  alignment  of  the  edge  of  the  concrete  slab  will 
result. 

They  must  be  set  firmly  and  the  topes  must  be  true  to  grade, 
because  they  support  the  templets,  bridges  and  other  appliances 
used  in  finishing  the  surface.  The  sted  angles  on  wood  forms 
are  necessary  to  enable  the  finishing  work  to  proceed  in  a  satis- 
factory manner.  By  having  the  angles  project  3  or  4  inches 
beyond  the  end  of  the  wood  at  one  end  and  set  back  the  same 
distance  at  the  other,  the  alignment  of  the  forms  will  be  facili- 
tated. Painting  wood  forms  will  prevent  warping  and  add  to 
their  life.  Where  a  power-driven  striking  and  finishing  machine 
is  used,  specially  heavy  forms  securely  held  in  place  are  needed. 

Joifds 

While  transverse  joints  are  omitted  on  some  work,  they  are 
generally  required  because  of  the  prevailing  opinion  that  they 
reduce  the  cracking  of  the  concrete.  They  are  constructed  by 
placing  across  the  road  a  strip  of  prepared  filler  made  for  the 
purpose.  This  filler  is  usually  held  in  place  by  a  steel  templet 
until  the  concrete  is  deposited  against  it.  The  templet  is  then 
removed  and  the  concrete  settles  against  the  filler.  The  joints 
are  of  two  types,  with  and  without  metal  protection  plates.  The 
following  statements  regarding  them  were  adopted  at  the  1916 
conference: 

Transverse  joints  should  be  placed  across  the  pavement  i)erpendic- 
ular  to  the  center  line  about  50  feet  apart.  There  seems  to  be  a  tendency 
to  lengthen  the  distance  between  iomts.  Joints  should  extend  entirely 
through  the  pavement,  as  well  as  through  the  curb  if  integral  curbs  are 
used.  Joints  should  be  constructed  perpendicularly  to  the  surface  of  the 
pavement  to  avoid  the  possibility  of  one  slab  rising  above  the  other. 

The  tendency  of  present  practice  is  toward  the  omission  of  metal 
protection  plates  for  joints.  It  is  possible  that  the  value  of  metal  pro- 
tection plates  is  dependent  somewhat  on  the  character  of  the  aggregate 
used,  and  it  is  considered  that  they  are  more  essential  in  street  pavements 
than  in  country  highways. 
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The  standard  specifications  call  for  ^nch  transverse  joints 
at  intervals  of  not  more  than  36  feet.  The  filler  must  project 
at  least  |-inch  above  the  concrete  during  construction,  and  after 
the  completion  of  the  pavement  it  is  trimmed  oflf  J-inch  above 
the  surface.  The  trafiBic  flattens  out  the  projecting  material  and 
hardens  the  top  of  the  joints.  Experience  shows  that  it  is  very 
desirable  to  have  the  joints  form  a  plane  surface  perpendicular 
to  the  surface  of  the  road. 

Measurements  of  the  expansion  and  contraction  of  concrete 
roadway  slabs  have  been  made  by  R.  J.  Wig,  C.  S.  Laubly  and 
W.  A.  Mclntyre,  from  which  they  drew  the  following  conclu- 
sions: Contraction  and  expansion  are  caused  by  both  temper- 
ature changes  and  changes  in  moisture  conditions,  and  under 
climatic  conditions  similar  to  those  at  Washington,  D.  C,  the 
efifects  from  these  two  factors  in  concrete  road  surfaces  are  aj)- 
proximately  of  the  same  magnitude.  In  concrete  roads,  ex- 
pansion and  contraction  are  suflScient  to  cause  frequent  trans- 
verse cracks  diiless  joints  are  provided.  The  actual  movement 
in  any  particular  case  depends  upon  the  character  of  the  concrete 
and  of  the  subgrade.  A  sloppy  concrete  shows  greater  movement 
than  a  concrete  mixed  only  moderately  wet. 

Organization  of  the  Work 

In  order  for  the  work  to  proceed  economically,  it  is  necessary 
for  the  mixer  to  be  kept  running  most  of  the  time.  This  can 
only  be  accomplished  if  repair  parts  are  kept  on  hand  and  mate- 
rials are  supplied  as  needed.  If  the  materials  are  delivered  by 
rail  it  often  pays  to  keep  men  at  the  sand  and  stone  plants  to  see 
that  the  railroads  furnish  cars  as  needed  and  the  shipments  are 
made  on  time.  If  the  contractor  operates  his  quarry  he  must 
see  that  precautions  are  taken  to  reduce  delays  due  to  break- 
downs or  other  causes  to  a  minimum.  The  delivery  of  mate- 
rials along  the  road  calls  for  careful  planning  of  both  plant  and 
organization.  In  any  case,  provision  should  be  made  against  de- 
lays due  to  insufficient  materials  by  storing  supplies  of  cement, 
sand  and  stone  on  the  work.  The  cement  can  be  stored  in  a  shed 
at  the  railroad  siding  or  in  tents  with  raised  wood  floors  along  the 
road.  The  sand  can  also  be  stored  along  the  road.  The  stone  is 
best  stored  at  the  railroad  siding,  because  it  is  costly  to  rehandle 
and  by  doing  the  work  at  one  place  mechanical  appliances  can  be 
used  which  will  reduce  the  expense  materially.  The  organiza- 
tion should  be  arranged  to  avoid  all  unnecessary  handling  of 
materials,  not  only  because  this  involves  a  labor  charge  but  also 
because  transportation  equipment  is  doing  no  useful  work  while 
being  loaded  or  unloaded.    Tractors  with  trailers,  motor  trucks 
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and  industrial  railways  are  generally  used  for  hauling,  and  by 
having  competent  repairmen  to  keep  them  in  order  and  running 
them  with  two  shifts  so  as  to  use  them  about  eighteen  hours  a 
day,  very  low  unit  costs  are  often  obtained  in  comparison  with 
the  expense  of  hauling  by  horses  or  mules. 

The  water  supply  must  be  planned  to  wet  the  subgrade,  sup- 
ply the  mixer  and  keep  the  concrete  wet  for  a  number  of  days 
after  it  is  laid.  While  it  has  been  delivered  along  the  road  in 
tanks,  it  is  usually  pumped  through  a  pipe,  generally  2  inches  in 
diameter.  As  the  water  which  must  be  used  sometimes  con- 
tains sand  which  will  score  the  cylinders  or  plungers  of  a  high 
pressure  pump  so  as  to  put  it  out  of  service,  it  is  often  lifted  by  a 
centrifugal  pump  in  such  cases  into  a  storage  tank  where  the  sand 
has  an  opportimity  to  settle  before  the  water  is  drawn  by  the 
high-pressure  pump.  If  the  tank  has  two  chambers  separated 
by  a  partition  running  nearly  up  to  the  water  level,  the  separa- 
tion of.  the  sand  will  be  improved,  for  the  stream  water  can  be 
delivered  into  one  chamber  where  most  of  the  sedimentation 
will  occur  and  be  drawn  from  the  other.  Therie  should  be  a  relief 
valve  in  the  pipe  line  near  the  pressure  pump  so  as  to  prevent 
breaking  the  pipe  if  all  the  gates  on  it  are  closed.  If  no  valve  is 
used  the  pump  should  be  belt  driven,  so  that  in  case  the  pressiure 
rises  the  belt  will  slip.  The  friction  head  in  a  2-inch  pipe  when 
discharging  50  gallons  per  minute  is  about  85  feet  per  1000  feet 
of  its  length,  and  when  discharging  60  gallons  per  minute  the  fric- 
tion head  is  about  116  feet.  Consequently  the  pump  must  have 
power  to  overcome  a  considerable  pressure  due  to  friction  as  well 
as  that  due  to  the  highest  elevation  to  which  the  water  must 
be  raised. 

The  size  of  the  paving  gang  will  depend  upon  the  size  of  the 
mixer,  which  should  depend  in  turn  upon  the  rate  at  which  mate- 
rials can  be  delivered  to  it.  There  are  two^  sizes  of  mixers,  one 
in  which  two  sacks  of  cement  are  used  in  each  batch  of  concrete 
and  the  other  taking  a  three-sack  batch.  The  smaller  machine 
requires  about  two  men  handling  cement,  two  shovelers  and  two 
wheelers  for  sand,  three  shovelers  and  three  wheelers  for  stone, 
a  helper  at  the  mixer  and  a  man  to  bundle  the  cement  sacks. 
The  larger  machine  requires  about  two  men  to  handle  cement, 
three  shovelers  and  three  helpers  for  sand,  four  shovelers  and 
four  wheelers  for  stone,  a  helper  at  the  mixer  and  a  man  to  bundle 
sacks.  In  addition  the  crew  requires  a  foreman,  a  mixer  oper- 
ator, a  fireman,  two  men  setting  forms,  a  pump  tender,  three  or 
four  men  spreading  and  floating  the  concrete,  two  finishers,  and 
one  or  two  attending  to  the  curing  of  the  concrete.    To  keep 

'  Daring:  1916,  four-sack  mixers  were  used  on  several  roads,  so  it  is  prob- 
able that  there  will  be  three  sixes  of  mixers  in  regidar  use  soon. 
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such  a  gang  working  efficiently  in  the  comparatively  small  area 
occupied  by  a  concreting  job  it  is  necessary  to  have  the  mate- 
rials deposited  so  they  can  be  handled  expeditiously  and  without 
confusion. 

Finishing 

The  principles  which  should  govern  the  finishing  of  concrete 
were  stated  as  follows  by  the  conference: 

The  surface  of  the  concrete  should  be  struck  off  by  means  of  a  templet 
moved  with  a  combined  longitudinal  and  transverse  motion.  The  excess 
material  accumulated  in  front  of  the  templet  should  be  uniformly  distrib- 
uted over  the  surface  of  the  pavement  except  near  the  transverse  joint, 
where  the  excess  material  should  be  removed. 

The  concrete  adjoining  the  transverse  joint  should  be  dense  and  any 
depressions  in  the  surface  should  be  filled  with  concrete  of  the  same  com- 
position as  the  body  of  the  work.  After  being  brought  to  the  established 
grade  with  a  templet,  the  concrete  should  be  finished,  from  a  suitable 
bridge,  with  a  wood  float  to  true  surface.  A  metal  float  should  not  be 
used.^ 

Brooming  of  the  surface  is  not  necessary  and  grooves  are  objectionable 
even  on  grades. 

For  country  roads  the  templet  or  strikeboard  is  often  made 
of  two  2  by  10-inch  planks  1  foot  longer  than  the  road  is  wide. 
The  lower  edge  is  cut  to  the  desired  crown  of  the  road  and  shod 
with  a  strip  of  J  by  4-inch  steel  fastened  with  countersimk  screws. 
It  has  a  handle  on  each  side  at  each  end,  so  it  can  be  moved  along 
easily  with  a  kind  of  sawing  motion.  This  motion  fills  all  de- 
pressions with  concrete  and  has  no  tendency  to  drag  out  the 
large  stone.  A  slight  excess  o  :  concrete  is  always  kept  ahead 
of  the  strikeboard,  and  a  workman  often  walks  in  front  of  the 
board  to  spread  the  concrete  and  take  care  of  any  excess  that 
may  accumulate  in  front  of  it.  It  is  usually  necessary  to  rim  the 
strikeboard  over  the  surface  three  times;  with  very  angular  stone 
it  may  be  necessary  to  go  over  it  four  times. 

Finishing  is  now  regarded  as  very  important.  At  Sioux  City, 
Iowa,  where  the  concrete  streets  are  imusually  free  from  cracks, 
the  success  with  this  type  of  roads  is  attributed  to  the  special  care 
spent  in  the  finishing.  A  wood  float  is  preferred  to  a  steel  trowel 
for  finishing  because  it  is  believed  to  make  a  more  dense  surface 
which  is  not  slippery.  The  bridge  from  which  the  men  work 
is  a  2  X  12-inch  plank,  trussed  to  prevent  deflection  and  supported 
by  the  side  forms.  No  finishing  should  be  done  while  there  is 
free  water  on  the  surface.  For  finishing  at  improtected  joints  a 
float  split  lengthwise,  so  as  to  fit  over  the  joint  filler,  is  used. 

^  Owing  to  the  rapid  development  of  belt  finishing  it  is  probable  that  finish- 
ing by  wood  floats  will  not  be  considered  essential  by  many  engineers  after 
this  year. 
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Power  finishing  machines  are  now  used  to  some  extent  as  a 
substitute  for  hand  finishing.  They  operate  by  rapidly  increas- 
ing and  decreasing  the  weight  on  the  area  of  concrete  on  which 
they  rest.  These  vibrations  of  load  joggle  the  concrete,  increas- 
ing its  density  and  leaving  a  satisfactory  finish  when  the  con- 
crete has  a  suitable  consistency  and  the  work  is  conducted 
carefully. 

During  1915  and  1916,  an  increasing  use  has  been  made  of 
belt  finishing.  The  work  is  done  with  canvas  belts  from  12  to 
24  inches  wide.  In  Wayne  County,  Michigan,  where  the  method 
has  been  used  for  the  longest  time,  a  12-inch  belt  about  1  foot 
longer  than  the  width  of  the  road,  is  preferred.  It  has  a  handle 
at  each  end  and  is  pulled  gently  back  and  forth  across  the  surface 
after  the  latter  has  been  shaped  by  the  strikeboard.  After  the 
surface  is  finished  in  this  way,  it  is  gone  over  a  second  time  with 
another  belt,  and  sometimes  a  third  time  with  a  third  belt.  The 
belts  are  washed  at  the  close  of  each  day. 

When  belts  are  used  for  finishing  it  is  desirable  to  shape  the 
concrete  with  a  strikeboard  having  a  face  about  8  inches  wide  and 
long  handles  like  those  of  a  plow  at  each  end.  With  such  a  strike- 
board  the  men  can  tamp  as  well  as  shape  the  concrete,  and  thus 
leave  the  surface  in  better  condition  for  the  belt  than  is  the  case 
with  a  thin  strikeboard. 

Curing 

The  protection  and  curing  of  the  concrete  must  be  carried  on 
carefully  because  the  best  concrete  may  be  seriously  damaged 
by  too  rapid  drying  out  of  the  surface  in  hot  or  windy  weather, 
by  exposure  to  low  temperature  or  by  being  opened  to  traffic  too 
soon.  The  principles  which  should  govern  the  work  were  stated 
as  follows  by  the  1916  conference: 

Even  the  best  concrete  may  be  seriously  damaged  by  too  rapid  drying 
out,  early  exposure  to  low  temperature,  or  by  being  opened  to  traffic  at  too 
early  a  period.  Hot  sun  and  drying  winds  are  most  liable  to  dry  out  the 
concrete  too  rapidly,  thus  causing  shrinkage  cracks  or  causing  a  surface 
which  will  not  wear  well  under  traffic.  The  use  of  a  canvas  covering  will 
be  found  effective  in  overcoming  this  condition. 

Sprinkling  should  also  be  employed  as  soon  as  the  concrete  is  hard  enough 
to  prevent  the  surface  being  pitted.  An  earth  covering  or  protection  by 
ponding  should  be  employed  after  the  first  day.  Under  most  favorable 
conditions  such  protection  should  be  given  the  pavement  for  at  least  two 
weeks.  Water  should  be  added  during  this  period  to  keep  the  concrete 
wet. 

In  cool  weather  it  is  often  advisable  to  omit  the  earth  covering,  thus 
allowing  the  concrete  to  harden  more  rapidlv.  Sprinkling  should  not  be 
omitted  during  the  day  in  case  the  surface  shows  a  tendency  to  dry  out. 
When  there  is  danger  of  frost,  sprinkling  should  be  omitted  hid  a  covering 
of  oanvafl  or  straw  and  canvas  used. 
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Placing  concrete  in  roads  and  pavements  in  temperatures  at  or  near 
freeziDg  is  not  advisable,  and  if  in  special  cases,  such  work  is  unavoidable, 
the  water  and  aggregate  should  be  heated  ana  precautions  taken  to  pro* 
tect  the  concrete  from  freesing  for  at  least  ten  oavs. 

Chemicals  to  lower  the  freesing  temperature  of  the  mixture  should  not 
be  used.    Concrete  should  not  be  deposited  on  a  frosen  subgrade. 

The  canvas  provided  for  protection  during  hot  and  windy 
weather,  should  be  sufficient  to  cover  at  least  half  the  surface 
laid  during  a  day.  Strix)8  2  yards  wide  are  used  and  they  are 
about  a  yard  longer  than  the  width  of  the  pavement  so  thateach 
end  can  be  weighted.  They  are  supported  on  frames  so  as  not 
to  touch  the  concrete,  and  are  kept  in  place  until  the  concrete 
has  hardened. 

The  curing  of  concrete  by  ponding  is  not  only  more  econom- 
ical in  many  cases  than  the  use  of  wet  earth  but  it  has  a  greater 
advantage  in  permitting  the  inspector  to  determine  at  a  glance 
if  the  curing  is  proceeding  properly.  It  is  difficult  to  make  cer- 
tain that  'an  earth  covering  is  kept  properly  wet,  but  there  can 
be  no  question  whether  water  is  standing  on  the  concrete.  Banks 
of  earth  are  constructed  along  each  edge  of  the  pavement  and 
transverse  banks  at  each  expansion  joint  and  more  frequently 
where  the  grades  make  them  necessary.  The  water  is  kept  at 
least  2  inches  deep  over  the  center  of  the  road. 

If  there  is  danger  of  a  heavy  storm  which  will  pit  the  surface 
of  fresh  concrete  it  must  be  protected  by  canvas.  Contractors 
are  advised  to  request  the  nearest  forecasting  station  of  the  United 
States  Weather  Bureau  to  send  its  daily  bulletin  of  the  prob- 
able weather  conditions  during  the  next  thirty-six  hours. 

The  standard  specifications  require  both  water  and  aggre- 
gates to  be  heated  if  the  temperature  drops  to  35  degrees  or  is 
likely  to  do  so  within  twenty-four  hours,  and  the  concrete  laid 
under  these  conditions  must  be  specially  protected  from  freezing 
for  at  least  ten  days.  A  canvas  cover  will  be  sufficient  to  pro- 
tect the  concrete  against  frost  during  the  first  night  and  after 
that  about  3  inches  of  straw  or  marsh  hay  held  down  securely 
will  probably  serve.  If  a  sharp  lowering  of  the  temperature  is 
anticipated  the  straw  should  be  covered  with  canvas.  It  is 
cheaper  to  take  all  necessary  precautions  than  to  tear  out  and 
replace  damaged  concrete.  Even  a  light  freezing  of  the  top 
will  make  the  surface  scale. 

Maintenanee 

The  following  explanation  of  methods  of  maintenance  was 
prepared  by  A.  H.  Hinkle,  L.  C.  Herrick,  John  W.  Mueller  and 
Maurice  Hoeffken  for  the  1916  conference: 
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Joints  and  cracks  can  be  successfully  treated  by  thoroughly  cleaning 
them  and  filling  when  dry,  and  preferably  during  warm  weather,  with  hot 
tar,  then  covermg  with  dry  sand  or  screenings.  The  tar  should  be  permit- 
ted to  lap  over  the  spalled  edges  of  the  crack,  but  not  to  exceed  1  inch.  The 
most  desirable  coverins^  is  clean,  coarse  sand  or  clean  screenings  of  stone, 
slag  or  gravel,  that  wul  pass  a  i-inch  circular  opening,  and  be  retained 
onaA^i^o^  mesh  screen.  The  tar  should  be  poured  when  hot  enough  to 
run  readily  into  the  crevices  of  the  pavement  (about  200^  to  250^  F.). 
It  is  believed  that  no  larj^e  excess  of  the  tar  should  be  used  as  the  frequent 
use  of  such  an  excess  might  eventually  build  up  an  elevation  on  the  sur- 
face which  would  be  objectionable  to  traffic.  The  covering  of  screenings 
or  sand  should  be  put  on  immediatelv  after  pouring  the  tar  so  that  whue 
in  the  liquid  state  it  will  unite  with  the  screenings  or  sand  in  sufficient 
degree  to  prevent  the  tar  from  sticking  to  wheels  of  vehicles  or  melting 
during  hot  periods  and  running  from  the  cracks. 

The  use  of  a  mastic  consisting  of  a  mixture  of  hot  tar  and  sand,  in  place 
of  pure  tar,  for  filling  the  cracks  and  joints,  gives  promise  of  excellent 
results;  but  perhaps  it  is  too  soon  to  eive  denoite  specifications  for  this 
mixture.  The  filling  of  the  larger  ana  more  open  cracks  or  jointo  with 
the  mastic,  and  the  use  of  the  pure  tar  for  fillmg  the  minor  openings  in 
the  pavement  and  such  as  are  made  necessary  by  settlement  after  the 
joints  have  been  originally  filled  with  the  mastic,  may  be  found  to  be  most 
satisfactory. 

A  pouring  can  with  a  round  or  vertical  spout  is  very  satisfactory  for 
pouring  tar  in  filling  cracks  and  joints.  Inasmuch  as  it  is  desired  that 
the  tar  shall  lap  over  the  edges  of  the  crack  or  joint,  the  use  of  a  conical 
pouring  can  would  be  of  doubtful  economy. 

Small  holes  and  shallow  depressions  can  be  successfully  treated  as  fol- 
lows: Glean  surface  thoroughly.  Where  the  surface  is  disintegrated  it 
should  first  be  thorou|[hly  swept  with  a  steel  broom  in  order  to  remove 
ail  loose  spalls  or  foreign  matter;  afterward,  the  dust  must  be  removed 
by  sweeping  with  a  rattan  or  house  broom.  The  hot  tar  is  then  applied 
to  the  dry  concrete  and  rubbed  well  with  a  squeegge  or  stifif  broom  to  se- 
cure a  good  bond  to  the  surface  of  the  concrete.  The  tar  is  then  covered 
with  coarse  sand  or  screenings  (i  to  A  inch)  of  stone,  slag  or  gravel.  The 
amount  of  tar  used  will  vary  from  }  to  1  gallon  per  square  yard,  depending 
upon  the  depth  of  the  depression  to  be  filled.^  When  more  than  \  gallon 
per  square  yard  is  used,  it  should  be  applied  in  two  coats  and  the  excess 
screenings  swept  off  before  the  second  coat  is  applied.  The  more  tar 
that  is  applied  to  the  surface,  the  more  desirable  it  is  to  have  the  coarser 
material  for  a  covering.  In  filling  small  holes  the  application  of  the  tar 
in  two  layers  would,  of  course  be  unnecessary. 

To  repair  larger  holes  and  deeper  depressions  than  those  discussed 
above:  Thorou^y  clean  and  paint  the  surface  with  tar.  Fill  the  hole 
or  depression  with  broken  stone,  preferably  of  such  sise  that  they  will 
not  exceed  in  diameter  one-half  the  depth  of  the  depression  to  be  filled 
nor  exceed  in  size  stone  suitable  for  an  ordinarv  tar  macadam.  The  stone 
should  be  levelled  off  and  compacted  as  well  as  may  be  by  tamping 
or  rolling  so  as  to  conform  to  the  true  surface  of  the  road.  The  voids  are 
then  filled  with  the  hot  tar  and  screenings  applied  to  the  surface,  which 
is  again  compacted  and  treated  as  in  building  a  tar  macadam. 

The  use  of  a  cold  mix  consisting  of  clean,  hard  stone  chips  coated  with 
a  coal  tar  cutback,  for  filling  such  holes  and  depressions,  as  described 
under  the  above  paragraph,  has  been  followed  to  some  extent  with  very 
promising  results.  The  stone  chips  are  first  thoroughly  coated  with  the 
cold  tar  preparation  by  turning  with  shovels  after  the  tar  has  been  spray- 
ed upon  th^,  as  in  mixing  ordinary  cement  concrete.    The  mixture  is 
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then  permitted  to  stand  a  few  days  until  the  lighter  oils  vaporise  from  the 
tar,  which  leaves  the  stone  coated  with  the  heavy  tar.  The  coated  chips 
are  then  well  tamped  into  the  hole  or  depression  to  be  filled,  the  shallower 
depressions  being  first  painted  with  the  pure  tar.  Coarse  sand  or  fine 
screenings  are  then  spread  over  the  surface.  If  the  voids  appear  quite 
open  after  the  coated  chips  have  been  thoroughly  tamped,  a  light  ai>pii- 
cation  of  the  tar  is  made  to  seal  up  the  voids  before  the  surface  screenings 
are  applied. 

Wnere  the  pavement  is  disintegrated  badly  or  broken  clear  through  so 
as  to  require  rebuilding,  it  should  be  cut  away  with  vertical  edges.  After 
the  subgrade  is  levelled  and  compacted  and  the  edges  and  subgrade  thor* 
oughl}[  dampened  (but  the  foundation  not  made  muddy),  the  part  cut 
away  is  replaced  with  new  concrete  conforming  in  quality  as  nearly  as 
possible  to  the  concrete  of  the  surrounding  pavement.  It  is  well  to  coat 
the  edges  of  the  old  concrete  with  cement  grout.  Care  should  be  taken 
that  the  surface  of  the  new  concrete  conforms  to  the  surface  of  the  adja- 
cent concrete.  The  new  concrete  should  be  kept  well  dampened  for  about 
seven  days,  and  protected  from  traffic  (ten  aays  in  warm  weather  and 
much  longer  in  cold  weather)  until  thoroughly  hiardened.  If  the  replace- 
ment is  over  an  excavation  the  concrete  should  be  properly  reinforced. 


STANDARD  SPECIFICATIONS  FOR  PORT- 
LAND CEMENT^ 

1.  Portland  cement  is  the  product  obtained  by  finely  pul- 
verizing clinker  produced  by  calcining  to  incipient  fusion,  an 
intimate  and  properly  proportioned  mixture  of  argillaceous  and 
calcareous  materials,  with  no  additions  subsequent  to  calcination 
excepting  water  and  calcined  or  imcalcined  gypsum. 

2.  Chemical  Properties. — ^The  following  limits  shall  not  be 
exceeded: 

L088  on  ignition,  per  cent 4.00 

Insoluble  residue,  per  cent 0.85 

Sulfuric  anhydride  (80i),  per  cent 2.00 

Magnesia  (MgO),  per  cent 5.00 

3.  Physical  Tests. — ^The  specific  gravity  of  cement  shall  be  not 
less  than  3.10  (3.07  for  white  Portli^d  cement).  Should  the  test 
of  cement  as  received  fall  below  this  requirement  a  second  test 
may  be  made  upon  an  ignited  sample.  The  specific  gravity  test 
will  not  be  made  imless  specifically  ordered. 

4.  The  residue  on  a  standard  No.  200  sieve  shall  not  exceed  22 
per  cent  by  weight. 

5.  A  pat  of  neat  cement  shall  remain  firm  and  hard,  and  show 
no  signs  of  distortion,  cracking,  checking,  or  disintegration  in 
the  steam  test  for  soundness. 

6.  The  cement  shall  not  develop  initial  set  in  less  than  forty- 
five  minutes  when  the  Vicat  needle  is  used  or  sixty  minutes  when 
the  GiUmore  needle  is  used.  Final  set  shall  be  attained  within 
ten  hours. 

7.  The  average  tensile  strength  in  pounds  per  square  inch  of 
not  less  than  three  standard  mortar  briquettes  composed  of  one 
part  cement  and  three  parts  standard  sand,  by  weight,  shall  be 
equal  to  or  higher  than  the  following: 

'  Adopted  by  the  American  Society  for  Testing  Materials  in  1904  and  re- 
vised in  1908,  1909  and  1916.  These  specifications  are  the  result  of  several 
years'  work  of  a  special  committee  representing  a  United  States  Govern- 
ment Departmental  Committee,  the  fioard  of  Direction  of  the  American 
Society  of  Civil  Engineers  and  Committee  C-1  on  Cement  of  the  American 
Society  for  Testing  Materials,  in  cooperation  with  Committee  C-1.  The 
specifications  as  here  printed  are  but  the  first  part  of  the  Society's  "Stand- 
ard Specifiksations  and  Tests  for  Portland  Cement,"  as  officially  published. 
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1  day  in  moiBt  air,  0  d&yn  in  water. . 
1  day  in  moist  air,  27  days  in  water. 


W.  per  »q.in, 
200 
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8.  The  average  tensile  strength  of  standard  mortar  at  twenty- 
eight  days  shall  be  higher  than  the  strength  at  seven  days. 

9.  Packages,  Marking  and  Storage. — The  cement  shall  be  de- 
livered in  suitable  bags  or  barrels  with  the  brand  and  name  of 
the  manufactm'er  plainly  marked  thereon,  imless  shipped  in 
bulk.  A  bag  shall  contain  94  pounds  net.  A  barrel  shall  con- 
tain 376  pounds  net. 

10.  The  cement  shall  be  stored  in  such  a  manner  as  to  permit 
easy  access  for  proper  inspection  and  identification  of  each  ship- 
ment, and  in  a  suitable  weather-tight  building  which  will  protect 
the  cement  from  dampness. 

11.  Inspection. — ^Every  fadlity  shall  be  provided  the  purchaser 
for  careful  sampling  and  inspection  at  either  the  mill  or  at  the 
site  of  the  work,  as  may  be  specified  by  the  purchaser.  At  least 
ten  days  from  the  time  of  sampling  shall  be  allowed  for  the  com- 
pletion of  the  7-day  test,  and  at  least  31  days  shall  be  allowed  for 
the  completion  of  the  28-day  test.  The  cement  shall  be  tested 
in  accordance  with  the  methods  hereinafter  prescribed.  The 
28-day  test  shall  be  waived  only  when  specifically  ordered. 

12.  Rejection. — ^The  cement  may  be  rejected  ijf  it  fails  to  meet 
any  of  the  requirements  of  these  specifications. 

13.  Cement  shall  not  be  rejected  on  account  of  failure  to  meet 
the  fineness  requirement  if  upon  retest  after  dr3dng  at  lOO^C. 
for  one  hour  it  meets  this  requirement. 

14.  Cement  failing  to  meet  the  test  for  soimdness  in  steam 
may  be  accepted  if  it  passes  a  retest  using  a  new  sample  at  any 
time  within  28  days  thereafter. 

15.  Packages  varymg  more  than  5  per  cent  from  the  specified 
weight  may  be  rejected;  and  if  the  average  weight  of  packages 
in  any  shipment,  as  shown  by  weighing  50  packages  taken  at 
random,  is  less  than  that  specified,  the  entire  shipment  may  be 
rejected. 


PETROLEUM  AND  RESIDUUMS' 

A  large  part  of  the  materials  used  as  dust  preventives  and 
binders  to  hold  together  the  mineral  constituents  of  roads  are 
obtained  from  petroleum.  Petroleum  is  a  term  which  covers 
mineral  oils  of  a  great  variety  of  characteristics,  all  alike  in  being 
composed  of  a  great  variety  of  complex  chemical  compounds 
called  hydrocar1x>nSy  of  which  there  is  a  very  large  nmnber. 
The  investigation  of  the  properties  of  these  hydrocarbons  and 
their  derivatives  requires  a  knowledge  of  organic  chemistry  which 
few  roadbuilders  p>ossess,  and  because  some  of  them  have  at- 
tempted to  tread  the  veritable  mazes  of  this  extremely  compli- 
cated domain  of  chemistry,  no  little  confusion  has  arisen.  The 
main  facts  regarding  petroleimi  and  the  other  hydrocarbons  used 
in  roadbxiilding  are  definitely  known,  but  the  details  of  any  group 
of  these  compounds  are  best  left  for  the  chemical  specialist,  who 
is  making  steady  progress  in  his  researches  concerning  them. 

Paraffin  and  AaphaUic  Oila 

The  roadbuilder's  interest  in  petroleum  is  largely  in  its  base, 
a  term  used  to  designate  a  part  of  oil  left  after  distilling  off  the 
more  volatile  portions.  The  base  is  sometimes  made  up  of  com- 
pounds of  the  paraffin  group  or  series,  as  chemists  term  such 
allied  compoimds.  Marsh  gas  is  a  member  of  the  paraffin  series, 
and  its  least  complex  representative.  A  few  other  members  are 
gases  but  most  of  them  are  Uquids  or  soUds,  and  their  niunber  is 
legion.  The  base  of  other  petroleums  is  made  up  of  compounds 
<»dled  polycyclic  polymethylenes  by  the  chemist,  and  as  these 
compounds  occur  in  native  asphalts  such  a  base  is  csalled  asphaltic. 
The  base  of  other  petroleimis  is  made  up  of  both  paraffin  and 
asphaltic  compounds  and  such  petroleums  are  called  semi- 
asphaltic. 

The  gaseous  hydrocarbons  are  of  no  interest  to  the  roadbuilder. 
The  liquid  and  solid  hydrocarbons  are  what  determine  the  value 
of  petroleum  for  his  purposes.  The  liquid  and  solid  paraffins  are 
greasy  materials  without  binding  properties,  while  tixe  asphaltic 
materials  are  sticky.  Consequently  the  roadbuilding  value  of 
petroleum  depends  upon  the  asphaltic  compounds  in  its  base. 

^  Revised  by  Provost  Hubbard,  chief  of  road  materials  teets  and  re- 
search, United  States  Office  of  Puolic  Roads. 
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Paraffin  oils  have  been  used  successfully  as  dust  preventiveB 
when  sprinkled  in  small  quantities  on  a  dean  road,  but  if  used  in 
large  quantities  they  form  a  greasy,  dirty  surface  and  seem  to 
lubricate  the  pieces  of  stone  in  the  road,  which  becomes  rutted 
rapidly. 

Petroleum  is  obtained  from  many  districts,  which  are  called 
fields  in  the  industry.  The  leading  fields  which  supply  or  have 
supplied  materials  for  roadbuilding  in  the  United  States  are 
discribed  substantiaUy  as  foUows  by  John  D.  Northrop  in  Mineral 
Resources  of  the  United  States,  1916: 

1.  The  Appalachian  field  embraces  all  oil  pools  east  of  central 
Ohio  and  north  of  central  Alabama,  including  those  of  New  York, 
Pennfiylvania,  West  Virginia,  southeastern  Ohio,  Kentucky, 
Tennessee,  and  northern  Alabama.  The  oils  of  the  Appalachian 
field  are  in  the  main  of  paraffin  base,  free  from  asphalt  and  prac- 
tically free  from  sulphiu*,  and  they  yield  by  ordinary  refining 
methods  high  percentages  of  gasoline  and  illuminating  oils — the 
products  in  greatest  demand. 

2.  The  Limarlndiana  field  embraces  all  areas  of  oil  production 
in  the  northwestern  part  of  Ohio  and  in  Indiana.  The  petroleum 
of  the  Lima-Indiana  field  contains  some  asphalt,  though  con- 
sisting chiefly  of  paraffin  hydrocarbons  with  sulphur  compoimds. 

3.  The  Illinois  field  Ues  in  the  southeastern,  south-central  and 
western  parts  of  the  State,  comprising  about  16  counties.  Illinois 
oils  contain  varying  proportions  of  both  asphalt  and  paraffiji 
and  differ  considerably  as  to  specific  gravity  and  distillation 
products.    Sulphur  is  generally  present. 

For  commercial  purposes  it  is  customary  to  group  under  the 
title  "Mid-Continent  field"  the  areas  of  oil  production  in  Kansas, 
Oklahoma,  northern  and  central  Texas,  and  northern  Louisiana. 
Mid-continent  oils  vary  in  composition  within  wide  limits,  rang- 
ing from  asphaltic  oils  poor  in  gasoline  and  illuminants,  to  oils 
in  which  the  asphalt  content  is  negligible  and  the  paraffin  con- 
tent relativdy  high  and  which  yield  correspondingly  high  per- 
centages of  th)e  lifter  products  on  distillation.  Sulphur  is  pres- 
ent in  varying  quantities  in  the  lower  grade  oils. 

5.  The  term  ''Gulf  field"  includes  that  portion  of  the  gulf 
coastal  plain  of  Texas  and  Louisiana  in  which  petroleum  is  found 
in  domes,  associated  with  rock  salt  and  g3rpsum.  Oils  from  the 
Gulf  field  are  characterized  by  relatively  high  percentages  of 
asphalt  and  low  percentages  of  the  lighter  gravity  distiUation 
products.  Considerable  sulphur  is  present,  much  of  which,  how- 
ever, is  in  the  form  of  sulphureted  hydrogen  and  is  easily  removed 
by  steam  before  refining  or  utilizing  the  oil  as  fuel. 

6.  The  California  field  is  mainly  located  in  Kern,  Fresno, 
Orange,  Santa  Barbara  and  Los  Angeles  Counties.    The  Cali- 
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fornia  oils  are  generally  characterised  by  much  asphalt  and  little 
or  no  paraflSn  and  by  small  proportions  of  sulphur.  The  chief 
products  are  fuel  oils,  lamp  oils,  lubricants,  and  oil  asphalt. 

Oils  from  Wyoming  and  Colorado  are  in  the  main  of  paraffin 
base,  suitable  for  refining  by  ordinary  methods.  Heavy  asphaltic 
oils  are  also  obtained  in  certain  of  the  Wyoming  fields. 

7.  Mexican  field.  This  extends  along  the  Gidf  of  Mexico  from 
the  vicinity  of  Tampico  to  the  vicinity  of  Tuxpan,  and  produces 
asphaltic  and  semi^asphaltic  petroleum. 

8.  Trinidad  field.  A  large  amoimt  of  asphaltic  petroleimi  is 
produced  on  the  island  of  Trinidad. 

Clifford  Richardson  gives  the  foUowing  explanation  of  the  rela- 
tion between  this  petroleiun  and  Trinidad  asphalt: 

Rising  from  the  sands  in  which  it  occurs  and  coming  in  contact  with  the 
colloidal  clay  f ormine  a  portion  of  the  mud  existing  below  the  crater  or 
depression  which  holds  the  asphalt,  it  is  emulsified  with  it  and  converted 
into  the  material  which  we  recognixe  as  Trinidad  lake  asphalt. 

Refining  Petroleum 

Crude  asphaltic  petroleum  has  been  used  as  a  dust  preventive 
and  as  a  binder,  but  generally  the  petrolemn  is  refinea  to  obtain 
a  number  of  valuable  materials  occurring  in  it.  The  crude  oil 
is  first  allowed  to  settle  in  tanks  in  which  the  mineral  matter 


Petroleum  Marketed  in  tJie  United  States  in  1916  by  Fields 
(John  D.  Northrop,  in  Mineral  Resources  of  the  United  States,  1915) 


Appalachian 

Lmia-lndiana 

Illinois 

Mid-continent 

Gulf 

California 

Colorado  and  Wyoming 
Other  fields 


QVAiraiTT  (ba»- 
BMLM  or  42  QAlr 

Lom) 


22,860,048 

4,269,591 

19,041,695 

123,295,867 

20,577,103 

86,591,535 

4,454,000 

14,265* 


281,104,104 


TiLua 


$35,468,973 

4,114,  228 

18,655,850 

72,437,701 

9,802,901 

36,558,439 

2,400,503 

24,295* 


$179,462,890 


ATBBAQB 
PaSBABBBL 


$1,552 

0.964 
0.980 
0.588 
0.476 
0.422 
0.539 
1.703 


$0,638 


*  Includes  Alaska,  Michigan,  and  Missouri. 

Note  :  The  Barber  Asphalt  Company  reports  that  the  importation  of 
crude  petroleum  from  Tnnidad  has  oeen  as  follows:  1914,  140,438  barrels; 
1915,  ^,022  barrels;  1916,  372, tXX)  barrels.  The  imports  of  crude  petro- 
leum from  Mexico  are  reported  by  John  D.  Northrop  as  follows:  1914, 
16,245,975;  1915,  17,478,472  barrels. 

A  preliminary  estimate  by  J.  D.  Northrop  of  the  1916  production  in  the 
United  States  is  292,300,000  barrels. 
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Degrees  Baumi,  Specific  Grantiee,  Weighte  in  Pounds  per  OaUan  and  Volume 

in  OilUms  per  Pound  of  Petroleum  at  dO^'F, 

(From  "United  States  Standard  Tables  for  Petroleum  Oils/'  United  States 

Bureau  of  Standards) 


DBOBBSS 

■PSCIFIC 

POUMM  PBB 

OAUiOKB 

DBORBBB 

BPBCIFIO 

POimiWPBB 

QAUiOMB 

BAUMi 

oBAVirr 

OAUiON 

PBB  POUND 

BAUXA 

OBATITT 

OAJXON 

PBBPOUKD 

10.0 

1.0000 

8.328 

0.1201 

19.6 

0.0358 

7.793 

0.1283 

10.2 

0.9986 

8.317 

0.1202 

19.8 

0.9346 

7.783 

0.1285 

10.4 

0.9972 

8.305 

0.1204 

20.0 

0.9333 

7.772 

0.1287 

10.6 

0.9957 

8.293 

0.1206 

20.2 

0.9321 

7.762 

0.1288 

10.8 

0.9943 

8.281 

0.1208 

20.4 

0.9309 

7.752 

0.1290 

11.0 

0.9929 

8.269 

0.1209 

20.6 

0.9296 

7.742 

0.1292 

11.2 

0.9915 

8.258 

0.1211 

20.8 

0.9284 

7.731 

0.1293 

11.4 

0.9901 

8.246 

0.1213 

21.0 

0.9272 

7.721 

0.1295 

11.6 

0.9887 

8.234 

0.1214 

21.2 

0.9259 

7.711 

0.1297 

11.8 

0.9873 

8.223 

0.1216 

21.4 

0.9247 

7.701 

0.1299 

12.0 

0.9859 

8.211 

0.1218 

21.6 

0.9235 

7.690 

0.1300 

12.2 

0.9845 

8.199 

0.1220 

21.8 

0.9223 

7.680 

0.1302 

12.4 

0.9831 

8.188 

0.1221 

22.0 

0.9211 

7.670 

0.1304 

12.6 

0.9818 

8.176 

0.1223 

22.2 

0.9198 

7.660 

0.1306 

12.8 

0.9804 

8.165 

0.1225 

22.4 

0.9186 

7.650 

0.1307 

13.0 

0.9790 

8.153 

0.1227 

22.6 

0.9174 

7.040 

0.1309 

13.2 

0.9777 

8.142 

0.1228 

22.8 

0.9162 

7.630 

0.1311 

13,4 

0.9763 

8.131 

0.1230 

23.0 

0.9150 

7.620 

0.1313 

13.6 

0.9749 

8.119 

0.1232 

23.2 

0.9138 

7.610 

0.1314 

13.8 

0.9736 

8.108 

0.1233 

23.4 

0.9126 

7.600 

0.1316 

14.0 

0.9722 

8.096 

0.1235 

23.6 

0.9115 

7.500 

0.1318 

14.2 

0.9709 

8.086 

0.1237 

23.8 

0.9103 

7.580 

0.1319 

14.4 

0.9695 

8.074 

0.1239 

24.0 

0.9091 

7.670 

0.1321 

14.6 

0.9682 

8.063 

0.1240 

24.2 

0.9079 

7.661 

0.1323 

14.8 

0.9669 

8.052 

0.1242 

24.4 

0.9067 

7.551 

0.1324 

15.0 

0.9655 

8.041 

0.1244 

24.6 

0.9056 

7.641 

0.1326 

16.2 

0.9642 

8.030 

0.1245 

24.8 

0.9044 

7.631 

0.1328 

15.4 

0.9629 

8.019 

0.1247 

25.0 

0.9032 

7.622 

0.1330 

15.6 

0.9615 

8.007 

0.1249 

25.2 

0.9021 

7.612 

0.1331 

15.8 

0.9602 

7.997 

0.1250 

25.4 

0.9009 

7.602 

0.1333 

16.0 

0.9589 

7.986 

0.1252 

25.6 

0.8997 

7.493 

0.1336 

16.2 

0.9576 

7.975 

0.1254 

25.8 

0.8986 

7.483 

0.1336 

16.4 

0.9563 

7.964 

0.1256 

26.0 

0.8974 

7.473 

0.1338 

16.6 

0.9550 

7.953 

0.1257 

26.2 

0.8963 

7.464 

0.1340 

16.8 

0.9537 

7.942 

0.1259 

26.4 

0.8951 

7.454 

0.1342 

17.0 

0.9524 

7.931 

0.1261 

26.6 

0.8940 

7.446 

0.1343 

17.2 

0.9511 

7.921 

0.1262 

26.8 

0.8929 

7.436 

0.1345 

17.4 

0.9498 

7.910 

0.1264 

27.0 

0.8917 

7.426 

0.1347 

17.6 

0.9485 

7.899 

0.1266 

27.2 

0.8906 

7.416 

0.1348 

.    17.8 

0.9472 

7.888 

0.1268 

27.4 

0.8895 

7.407 

0.1360 

18.0 

0.9459 

7.877 

0.1270 

27.6 

0.8^^3 

7.397 

0.1362 

18.2 

0.9447 

7.867 

0.1271 

27.8 

0.8872 

7.388 

0.1364 

18.4 

0.9434 

7.856 

0.1273 

28.0 

0.8861 

7.378 

0.1366 

18.6 

0.9421 

7.846 

0.1275 

28.2 

0.8850 

7.369 

0.1357 

18.8 

0.9409 

7.835 

0.1276 

28.4 

0.8838 

7.360 

0.1359 

19.0 

0.9396 

7.825 

0.1278 

28.6 

0.8827 

7.351 

0.1360 

19.2 

0.9383 

7.814 

0.1280 

28.8 

0.8816 

7.341 

0.1362 

19.4 

0.9371 

7.804 

0.1281 

29.0 

0.8805 

7.332 

0.1364 

Notb:  Tables  for  oils  of  greater  specific  gravity  than  1.000  and  of  the 
comparative  volumes  of  oils  at  60°  and  other  temperatures  are  given  on 
pages  376  and  378. 
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and  water  are  separated  from  the  oil.  The  latter  is  drawn  off 
into  cylindrical  stills  set  horizontally  in  brickwork  like  boilers. 
There  is  a  furnace  below  the  still,  and  the  latter  contains  steam 
coils  and  sometimes  steam  jets  at  the  bottom  of  the  stills.  The 
heating  by  means  of  the  furnace  and  the  steam  coils  and  jets 
should  be  conducted  very  carefully,  if  the  final  products  are  to 
be  used  for  road  work,  and  careless  heating  has  resulted  in  very 
imdesirable  materials  being  sold  for  hi^way  purx)oses.  The 
vapors  from  the  stills  are  removed  to  condensers  and  liquefied. 

The  distillate  that  is  obtained  imtil  the  temperature  reaches 
about  300^F.  and  the  specific  gravity  of  the  product  is  about  0.73 
is  refined  to  furnish  gasoline  and  naphtha.  While  the  tempera- 
ture is  increased  from  300^  to  575^F.,  the  specific  gravity  of  the 
distillate  increases  to  about  0.82,  and  the  oil  producea  during 
this  stage  is  treated  to  supply  kerosene.  If  it  is  desirable  to  pro- 
duce as  much  kerosene  as  possible  the  furnace  is  heated  and  the 
sides  of  the  still  kept  as  cool  as  possible,  so  that  some  of  the 
heavy  vapor  driven  off  in  the  bottom  of  the  still  will  condense 
in  the  top  and  fall  back  into  the  much  hotter  material  at  the 
bottom,  ''cracking"  these  heavy  vapors  into  lighter  compounds. 
One  result  of  such  cracking  is  often  the  Uberation  of  free  carbon, 
which  settles  into  the  material  in  the  bottom  of  the  still.  As- 
phaltic  oils  can  be  cracked  at  a  lower  temperature  than  paraffin 
oils. 

If  road  oils  for  surface  treatment  are  desired,  the  distilling 
process  is  stopped  after  the  light  distillates  are  driven  off.  The 
thick  oil  left  in  the  still  is  called  the  residuimi,  and  some  people 
look  upon  it  as  a  by-product  and  the  name  ''residumn"  as  having 
a  somewhat  derogatory  signification.  As  a  matter  of  fact  the 
residuum  obtained  in  distilling  some  petrolemns  is  by  far  the  most 
important  product  obtained  from  them.  Some  Californian  and 
Mexican  oils  contain  such  a  large  amount  of  asphaltic  compounds 
and  so  little  light  oils  that  by  stopping  the  refining  process  when 
the  residuimi  has  the  consistency  desired  for  some  classes  of 
paving  materials,  it  is  xmnecessary  to  add  any  other  bitumen  to 
fit  it  for  use. 

In  the  patented  Trumbull  process,  the  oil  is  heated  and  then 
allowed  to  flow  down  the  inner  surface  of  a  large  vertical  heated 
cylinder.  The  vapors  are  drawn  from  the  top  of  the  cylinder 
and  the  asphaltic  residuum  is  collected  at  the  bottom.  Hie 
temperatures  used  and  the  rate  at  which  the  crude  oil  is  fed  to 
the  top  of  the  cylinder  fix  the  consistency  of  the  residuum. 

One  of  the  earliest  attempts  to  improve  the  process  of  refining 
petroleum  so  as  to  yield  the  maximum  quantity  of  products  usefiQ 
for  paving  was  made  by  Dubbs.  By  adding  sulphur  to  the 
residuum  while  it  was  at  a  high  temperature  he  produced  mate- 
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rials  which  have  been  widely  used  as  fluxes.  About  the  same 
time  Byerly  found  that  by  blowing  air  through  the  heated  re- 
siduiun  asphaltic  products  were  obtained,  the  oxygen  performing 
the  same  function  as  the  sulphur  used  in  the  Dubbs  process. 
Some  of  these  blown-oil  products  have  been  used  as  fluxes  and 
others  have  been  used  for  a  great  variety  of  purposes.  Some 
asphaltic  oils  furnish  a  residuum  which  does  not  require  blowing 
to  obtain  road  material  but  this  treatment  is  generally  employed 
with  semi-asphaltic  oils  when  such  a  product  is  desired.  Appar- 
ently the  hydrocarbons  of  the  paraSSn  series  are  little  affected  by 
the  blowing  process,  which  affects  compounds  of  other  series. 

Meaning  of  Analyses. — ^The  characteristics  of  the  residumns 
from  various  oils  are  given  in  the  accompan3dng  table.  The  fol- 
lowing notes  explain  the  significance  of  the  iiSormation  in  the 
table,  and  are  abridged  from  Provost  Hubbard's  Dust  Preventives 
and  Road  Binders. 

Specific  Gravity.— The  mark  "26726*'C."  indicates  that  the 
determination  was  made  at  25^0.  (77^F.)  and  the  result  expressed 
in  comparison  with  water  at  the  same  temperature.  Tlie  test 
is  mainly  useful  in  identifying  the  material,  but  also  gives  a  rough 
indication  of  the  amoimt  of  heavy  hydrocarbons  which  give 
body  to  the  material.  Material  having  a  specific  gravity  exceed- 
ing 0.93  or  0.94  shoidd  be  heated  before  use. 

Flash  Point. — ^This  test  is  of  value  as  differentiating  between 
the  heavy  crude  oils  and  cut-back^  products,  and  the  fluid  re- 
sidumns. It  also  shows  the  point  to  which  a  refined  oil  has  been 
distilled  and  whether  it  is  advisable  to  heat  the  material  before 
application. 

Loss  at  160^0. — ^The  loss  in  weight  is  an  indication  of  the  rela- 
tive losses  by  volatilization  of  different  road  oils  in  actual  service. 
It  is  an  empirical  test,  like  the  rattler  test  for  paving  bricks.  The 
residue  should  be  sticky.  If  it  is  desirable  for  the  material  to 
maintrfiin  its  consistency  after  application,  it  should  show  a  low 
loss.  If  the  material  is  appUed  by  a  method  which  requires  more 
or  less  fluidity,  a  high  loss  is  permissible,  in  order  that  the  mate- 
rial may  rapidly  attain  the  desired  consistency  in  the  road, 
although  a  high  loss  is  not  necessary  in  the  case  of  dust  preven- 
tives.   The  loss  is  now  usually  determined  at  163^0. 

Loss  at  205^0. — ^The  purpose  of  this  test  is  to  show  the  effect 
of  a  high  temperature  as  compared  with  160^  or  163^.  It  is  not 
often  made. 

Bitumen  Soluble  in  CSs. — ^The  solubility  of  the  bitumen  itself 
is  independent  of  its  character  and  conmstency,  so  the  amoimt 
and  character  of  insoluble  material  is  of  most  interest. 

*  A  out-baok  product  is  one  made  by  fluxiiig  a  dense  asphalt  with  a 
light  oiL 
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Inorganic  Matter. — ^This  indicates  in  some  cases  the  nature  of 
the  dense  bitumen. 

Insoluble  Organic  Matter. — ^This  affords  an  indication  of 
whether  oil  has  been  distilled  destructively. 

Bitumen  Insoluble  in  88TB.  Naphtha. — ^The  hydrocarbons  in- 
soluble in  paraffin  naphtha  are  termed  ''asphaltenes"  and  those 
which  are  soluble  ^'malthenes.''  The  former  tend  to  give  body 
and  consistency  and  the  latter  contribute  adhesive  properties  to 
a  road  material.  Blown  oils  contain  very  high  amounts  of  insol- 
uble hydrocarbons,  sometimes  as  much  as  25  to  30  per  cent.  The 
character  of  the  bitumen  dissolved  in  naphtha,  after  the  solvent 
has  evaporated,  is  instructive,  for  a  sticky  residue  indicates  better 
road  building  qualities  in  the  original  material  than  that  whidi 
is  greasy. 

Soluble  Bitumen  Removed  by  HsSO^  and  Saturated  Hydro- 
carbons in  Total  Bitimien. — ^These  tests  are  maroly  of  value  as 
indicating  the  source  of  the  material  under  examination.  Clifford 
Richardson  gives  the  following  explanation  of  the  significance  of 
the  tests  in  The  Modem  Asphalt  Pavement: 

Hydrocarbons  in  general  are  divided  into  those  which  are  saturated 
and  those  which  are  unsaturated,  the  former  being  stable  and  the  latter 
reactive  and  very  susceptible  to  change,  combining  with  or  being  con- 
verted into  other  hydrocarbons  by  the  action  of  sulphuric  acid  and  other 
reagents.  The  saturated  can  be  separated  from  the  unsaturated  hydro- 
carbons by  strong  sulphuric  acid,  and  this  will  be  found  to  be  a  very  impor- 
tant means  of  differentiating  the  oils  and  the  solid  bitiunens  among  them- 
selves, by  determining  the  relative  proportions  of  these  two  classes  of 
hydrocarbons  which  they  contain. 

Solid  Paraffin. — ^This  test  confirms  the  information  obtained 
from  an  inspection  of  the  residue  after  the  test  of  the  loss  at 
160*^C.  The  heavy  liquid  hydrocarbons  of  liie  paraffin  series  are 
probably  more  detrimental  in  road  oils  than  are  the  solid  paraffins. 

Fixed  Carbon. — ^Fixed  carbon  is  the  coke  resulting  from  the 
ignition  of  the  bitumen  in  the  absence  of  oxygen. 

Fluxes 

Fluxes  are  petroleum  products  which  are  mixed  with  harder 
bituminous  materials  to  soften  them  to  any  desired  consistency. 
Petroleum  with  a  paraffin  base  fiunished  the  first  flux  used  in 
the  asphalt  paving  industry. 

Asphaltic  or  semi-asphaltic  flux  is  the  residuum  left  on  distilling 
petroleum  having  an  asphaltic  or  semi-asphaltic  bEuse  to  a  point 
where  the  residuum  is  a  dense  liquid  when  cool  but  any  further 
distillation  will  produce  a  solid  residuum  when  cold.  It  is  char- 
acterized by  a  relatively  low  amount  of  saturated  hydrocarbons. 
While  it  resembles  natural  maltha  in  some  respects,  it  differs  in 
remaining  soft  after  heating  to  400^F.y  most  midthas  becoming 
hard  pitches  after  such  treatment. 


ASPHALT  AND  NATIVE  SOLID  BITUMENS* 

The  following  definition  of  ''asphalt"  has  been  adopted  by  the 
American  Society  for  Testing  Materials: 

Solid  or  semi-Bolid  native  bitumens,  solid  or  semi-solid*  bitumens 
obtained  by  refining  petroleum,  or  solid  or  semi-solid  bitimiens  which  are 
combinations  of  the  bitumens  mentioned  with  petroleums  or  derivatives 
thereof,  which  melt  upon  the  application  of  heat  and  which  consist  of  a 
mixture  of  hydrocarbons  and  their  derivatives  of  complex  structure, 
largely  cyclic  and  bridge  compounds. 

This  definition  is  dependent  upon  the  same  society's  definition 
of  ''bitmnens/'  which  is: 

Mixtures  of  native  or  pyrogenous  hjrdrocarbons  and  their  non-metallic 
derivatives,  which  may  be  gases,  licmids,  viscous  liquids,  or  solids,  and 
which  are  soluble  in  carbon  disulphide. 

These  definitions  were  prepared  after  nxunerous  conferences  of 
road  engineers  and  producers  of  materials,  and  while  adopted  by 
the  society  are  not  accepted  by  all  specialists. 

The  following  definitions  are  given  by  Clifford  Richardson  in 
The  Modem  Asphalt  Pavement: 

Native  bitumens  consist  of  a  mixture  of  native  hydrocarbons  and  their 
derivatives,  which  may  be  gaseous,  liquid,  a  viscous  liquid  or  solid,  but, 
if  solid,  melting  more  or  less  readilv  on  the  application  of  heat,  and  solu- 
ble in  turpentine,  chloroform,  bisuTphide  of  carbon,  similar  solvents,  and 
in  the  malthas  or  heavy  asphaltic  oils.  Natural  ^as,  petroleum,  maltha, 
asphalt,  grahamite,  gilsonite,  oxocerite,  etc.,  are  bitumens.  Coal,  lignite, 
wurtselite,  albertite,  so-called  indurated  asphalts,  are  not  bitumens,  be- 
cause they  are  not  soluble  to  any  extent  in  tne  u^ual  solvents  for  bitumen, 
nor  do  they  melt  at  comparatively  low  temperatures  nor  dissolve  in  heavy 
asphaltic  oils.    These  substances,  however,  on  destructive  distillation 

^  Revised  by  Provost  Hubbard,  chief  of  road  materials  tests  and  re- 
search. United  States  OfiBce  of  Public  Roads. 

'  Solid  bituminous  materials  are  those  having  a  penetration  at  25^. 
(77®F.)  under  a  load  of  100  grams  applied  for  five  seconds,  of  not  more  than 
10.    The  si^ificance  of  ''penetration"  is  explained  on  page  368. 

Semi-solid  bituminous  materials  are  those  having  a  penetration  at  25*C. 
(77°  F.)  under  a  load  of  100  grams  applied  for  five  seconds,  of  more  than 
10  and  a  penetration  under  a  load  of  50  grams  applied  for  1  second  of  not 
more  than  350. 

Liquid  bituminous  materials  are  those  having  a  penetration  at  25^. 
(77«  F).)  under  a  load  of  50  grams  applied  for  one  second  or  more  than 
350. 
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give  rise  to  products  which  are  similar  to  natural  bitumens,  and  they  have 
been  on  this  account  defined  by  T.  Sterry  Hunt  as  "pyro-bitumens/' 
which  differentiates  them  verv  plainly  from  the  true  bitumens." 

Asphalt  is  a  term  used  inaustrialfv  to  cover  all  the  solid  native  bitu- 
mens used  in  the  paying  industry  ana  specifically  to  include  only  such  as 
melt  on  the  application  of  heat,  at  about  the  temperature  of  boiling  water, 
are  equally  soluble  in  carbon  oisulphide  and  carbon  tetrachloride  and  to 
a  large  extent  in  88°  naphtha,  those  hydrocarbons  soluble  in  naphtha 
consisting  to  a  very  considerable  degree  of  saturated  hydrocarbons,  yield- 
ing about  15  per  cent  of  fixed  carbon  and  containing  a  high  percentage  of 
sulphur.  Under  this  definition  it  can  be  seen  that  grahamite  is  not  an 
asphalt,  since  it  is  not  largely  soluble  in  naphtha  and  yields  a  very  high 
percentage  of  fixed  carbon  on  ignition.  It  is  also  less  soluble  in  carbon 
tetrachloride  than  in  carbon  bisulphide.  Gilsonite  is  not  an  asphalt, 
since  the  saturated  hydrocarbons  contained  in  the  naphtha  solution  are 
very  small  in  amount  and  quite  different  in  character  from  those  found 
in  asphalt. 

Roadbuilders  use  the  term  ''natural  asphalts"  to  designate 
the  native  solid  or  seminsolid  asphalts,  and  ''oil  asphalts"  to  desig- 
nate the  corresponding  materials  prepared  from  petrolemn  or 
maltha.  Some  producers  of  oil  asphalts  object  to  the  term  on 
the  ground  that  the  material  obtained  by  distiHing  away  the 
lighter  parts  of  asphaltic  petroleum  is  as  "natural"  as  that 
obtained  by  refining  native  asphalts.  By  "rock  asphalt"  is 
meant  sandstone  and  limestone  impregnated  with  asph^t  or 
maltha.  "Asphaltic  sands"  are  mixtures  of  asphalt  or  maltha 
and  sandy  the  latter  in  loose  grains  which  fall  apart  when  the 
bitumen  is  extracted;  many  of  them  are  called  rock  asphalts 
because  in  their  natural  condition  the  maltha  cements  them  into 
a  rock-like  mass. 

The  sources  of  the  asphalts  used  in  the  United  States  are  given 
in  the  accompanying  table.  The  quantities  of  materials  there 
stated  were  not  aU  used  for  road  and  street  purposes,  as  there  are 
many  other  uses  to  which  some  of  them  are  put. 

Trinidad  Asphalt. — ^Trinidad  asphalt  comes  from  the  island  of 
that  name.  The  main  sotirce  is  on  La  Brea  Point,  about  28  miles 
from  Port  of  Spain,  the  chief  town.  Here  there  is  a  circular  pitch 
lake  of  nearly  115  acres  extent,  between  whidi  and  the  sea  are 
other  pitch  deposits  more  or  less  mixed  with  sand.  The  former 
furnishes  the  "lake  asphalt"  and  the  latter  the  "land  asphalt" 
of  the  paving  industry. 

The  material  in  the  lake  is  described  by  Clifford  Richardson 
as  an  emulsion  of  water,  gas,  bitumen,  fine  sand  and  clay.  It  is 
in  constant  motion  owing  to  the  evolution  of  gas,  and  for  this 
reason,  whenever  a  hole  is  dug  in  the  siu^face,  whether  deep  or 
shallow,  it  rapidly  fills  up  and  the  surface  resumes  its  original 
level  after  a  short  time.  Although  soft  it  can  be  readily  flaked 
out  with  picks  in  large  conchoidal  masses  weighing  50  to  75 
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pounds.  It  is  h<mey-eombed  with  gas  cavities  and  resembles  a 
Swiss  cheese  in  structure.  It  is  of  uniform  composition,  as 
follows:  Water  and  gas  volatilized  at  lOO^C,  29  per  cent;  bitumen 
soluble  in  cold  carbon  disulphide,  39  per  cent;  bitumen  absorbed 

American  Production  and  Importation  of  AsphaUic  Materials,  1916 

(Compiled  from  report  by  John  D.  Northrop  in  Mineral  Reaourees  of  the 

United  States,  1915.    Output  stated  in  tons  of  2000  pounds,  except 

in  case  of  imports,  which  are  in  tons  of  2240  pounds) 


American  bituminous  rock 

Wurtselite  (elaterite),  gilsonite 
Grahamite 

Total  American  natural  bitu- 
minous material 

American  road  oils  and  fluxes. 
American    oil    asphalts    and 
pitches 

Total  American  road  oils,  as- 
phalts, etc 

Mexican  road  oils  and  fluxes* 
Mexican    oil    asphalts    and 
pitches* 


Total  Mexican  road  oils,  as- 
phalts, etc* , 


Imports  of  asphalt 
Trii    " 


rinidadf. 
Bermudez... 

Cuba 

Barbados.. . 

Mexico 

Switzerland. 

Italy 

France 

England 

Germany 


1915 


TODB 


44,329 
20,559 
10,863 


75,761 
417,859 
246,644 


664,503 
174,864 
213,464 


388,318 


92,107 

28,659 

391 

64 

56 

200 

492 


774 
658 


Value 


$157,083 

275,252 

94,156 


526,490 
2,392,576 
2,323,007 


4,715,583 
1,325,201 
2,405,235 


3,730,436 


498,900 
144,595 
9,243 
6,426 
765 
1,637 
3,438 


9,801 
4,854 


1914 


Tont 


51,071 

19,148 
9,669 


79,888 
171,447 
189,408 


360,855t 

111,058 

202,729 


313,787 


61,708 

58,755 

458 

71 

140 

620 

247 

100 

628 

1,364 


Yaltt* 


1162,622 

405,966 

73,535 


642,123 


3,016,969 


4,131,163 


334,635 

295,766 

11,407 

6,592 

2,048 

3,706 

1,477 

1,317 

6,269 

10,856 


*  Refined  in  the  United  States  from  imported  Mexican  petroleum, 
t  There  are  discrepancies  in  the  figures  m  the  report. 

by  mineral  matter,  0.3  per  cent;  mineral  matter,  27.2  per  cent; 
water  of  hydration  in  clay  and  silicates,  4.3  per  cent. 

Trinidad  land  asphalt  reached  the  places  where  it  is  found 
either  by  overflowing  from  the  lake  or  by  intrusion  into  the  sofl 
from  the  same  subterranean  source  that  supplies  the  lake  asphalt. 
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Its  character  is  much  affected  by  the  effect  of  the  weathering  to 
which  it  has  been  subjected.  Clifford  Bichardson  states  ib&t 
refined  land  asphalt  of  good  ouality  differs  from  the  lake  supply 
by  its  higher  specific  gravity  due  to  the  larger  amount  of  mineral 
matter  it  contains,  by  a  higher  softening  or  melting  point,  and 
a  somewhat  lower  percentage  of  bitumen  and,  in  consequence  of 
these  facts,  a  much  greater  hardness  at  all  temperatures.  Land 
asphalt  requires  mudi  more  paraffin  flux  than  lake  asphalt,  and 
asphaltic  oil  fluxes  offer  certain  advanti^^es  over  paraffin  fluxes 
for  use  with  land  asphalt. 

Composition  of  Refined  Trinidad  and  Bermudez  AsphalU 

(Clifford  Riohardflon) 


Specific  gravity  at  77*T.  (25**C.) 

Streak 

Lustre 

Structure 

Fracture 


Hardness 

Melts 

Penetration  at  77**F.(26**C.) 

Loss  at  325**F. (163^0.),  7  hours 

Character  of  residue 

Loss  at  400*F.(206*»C.)  7  hours 

Character  of  residue 

Bitumen  soluble  in  CSi 

Bitumen  retained  by  mineral  matter 

Mineral  matter 

Water  of  hydration 

Vegetable  matter 

Bitumen  soluble  in  8S^  naphtha 

Peroenta^  of  total  bitumen  which  above  is 

Soluble  bituihen  removed  by  HaSOi 

Saturated  hydrocarbons  in  totiJ  bitumen.. 

Pure  bitumen  soluble  in  C  CI4 

Fixed  carbon 


TBXBIWAD 


1.40 
Blue  black 
Dull 
Homogeneous 
Semi-con- 
choidal 
2 

236*F.(n3**C.) 
4 

Smooth 

4.0% 

Blistered 

66.5% 

0.3% 
38.6% 

4.2% 


BBBMUDI 


1.08 

Black 

Bright 

Uniform 

Semi-con- 

choidal 

Soft 

183''F.(84*C.) 

20 

Smooth 

8.2% 

Wrinkled 

94.4% 

3;6%"'* 

2.'6%"" 

62.2% 
66.4% 
62.4% 
24.4% 
09.6% 
13.4% 


Bermudez  AaphaU. — ^Bermudez  asphalt  comes  from  a  pitch  lake 
in  Venessuela  about  30  miles  from  the  coast  in  an  air  Ime.  The 
lake  is  about  1^  miles  long,  1  mile  wide,  of  irregular  shape  and 
covers  about  900  acres.  It  is  covered  with  a  crust  from  a  few 
inches  to  2  feet  thick,  having  some  grass  and  shrubs,  with  a  few 
palms,  and  the  pitch  is  visible  on  the  surface  in  but  few  places. 
It  is  very  wet,  so  that  excavations  fill  with  water  and  it  is  diffi- 
cult to  excavate  the  pitch,  which  has  an  average  depth  of  4  feet. 
The  deposit  is  probably  formed  by  the  exudation  of  a  large  quan- 
tity of  soft  mdtha.    The  asphalt  from  the  lake  varies  greatly  in 
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the  amount  of  water  it  contams,  which  fluctuates  between  11 
and  46  per  cent.  This  water  is  not  emulsified  with  the  bitumen 
but  is  adventitious  surface  water.  The  material  for  industrial 
use  is  selected,  and  when  refined  has  the  composition  given  in 
the  accompanying  table,  whidb  also  gives  the  composition  of  refined 
Trinidad  asphalt. 

Meaning  of  Analyses. — ^The  significance  of  most  of  the  terms 
used  in  thu  table  are  explained  in  the  section  on  Petroleum.  The 
new  terms  are  the  following: 

Streak  is  the  color  of  a  rubbed  or  scratched  surface. 

Hardness  is  stated  in  terms  of  Mohr's  scale,  in  which  1  is  the 
hardness  of  talc,  2  that  of  rock  salt,  3  that  of  caldte,  4  that  of 
fluorite,  etc.  When  a  bitumen  is  softer  than  I  on  this  scale  its 
hardness  is  stated  by  its  behavior  in  a  penetration  test,  explained 
below. 

Melting  point  is  determined  by  an  arbitrary  test,  because 
bituminous  materials  are  made  up  of  a  mixture  of  hydrocarbons 
and  their  derivatives  and  can  not  have  a  true  melting  point,  such 
as  a  definite  compound  possesses. 

Penetration  is  determined  by  the  distance  that  a  needle  of 
specified  size  loaded  with  a  specified  wei^t  will  penetrate  into  a 
sample  of  the  material  in  a  specified  time.  Usually  a  No.  2 
needle  loaded  so  that  the  total  weight  is  100  grams  and  a  time 
period  of  5  seconds  is  employed,  but  a  50-gram  weight  and  a 
lH9econd  time  period  are  used  with  liquid  bitumens.  Provost 
Hubbard  makes  the  following  statement  regarding  this  test: 

The  penetration  test  is  a  convenient  one  to  emplov  for  identification 
and  control,  and  is  often  indicative  of  the  value  of  an  oil  or  asphalt  product 
for  construction  work.  While  the  test  for  bituminous  road  materials  is 
made  in  the  same  manner  as  in  asphalt  paving  work,  the  standards  for 
road  purposes  are  somewhat  different.  No  oil  product  should  be  emploved 
in  macaaam  construction  with  a  penetration  higher  than  25  mm.  when 
tested  at  25*C.  with  a  No.  2  needle  for  five  seconds  under  a  weight  of  100 
grams,  unless  it  possesses  the  property  of  hardening  considerably  when 
subjected  to  the  volatilisation  test.  On  the  other  hand,  it  is  rarely  neces- 
sary to  require  a  penetration  as  high  as  that  for  asphaltic  cement  used  in 
the  topping  of  an  asphalt  pavement,  for  the  reason  that  the  upper  course 
of  a  macaaam  road  has  much  greater  inherent  stability  than  the  sand 
course  of  the  asphalt  pavement.  A  penetration  of  from  10  to  15  mm.  is 
usually  considered  sufficient  for  road  work.  If  a  material  having  a  much 
lower  penetration  is  selected,  its  susceptibility  to  temperature  changes 
will  have  to  be  considered. 

Organic  matter  insoluble  is  a  term  of  imcertain  significance 
which  has  been  explained  by  Clifford  Bidiardson  as  follows: 

On  adding  together  the  percentages  of  bitumen  soluble  in  carbon  disul- 
phide  and  of  inorganic  matter  obtained  on  ignition,  the  sum  will  seldom 
amount  to  100.0.    The  difference  has  been  considerad  for  many  years  as 
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organic  matter  not  bitumen  (insoluble).  This  ma]r  be  true  in  exceptional 
oaaes,  but  recent  inyestigationB  have  shown  that  it  is  not  at  all  so  in  many 
bitumens.  For  example,  in  Trinidad  asphalt  it  has  been  found  to  consist 
of  the  water  of  combmation  of  the  clay  which  the  material  contains  and 
some  inorganic  salts  which  are  volatiliiied  on  ignition.  The  amotmt  of 
organic  matter  is  extremely  small.  In  other  cases,  it  may  consist  to  a 
considerable  extent  of  grass  and  twigs,  as  in  the  seepages  which  have  run 
out  over  sod.  On  the  whole,  therefore,  it  seems  desirable  not  to  describe 
it  by  any  definite  name,  but  merely  as  an  undetermined  difference. 

Pure  bitumen  soluble  in  CCI4  (carbon  tetrachloride)  is  not 
usually  determined  unless  a  road  oil  has  been  badly  cracked  or  a 
solid  bitumen  like  zrahamite  has  been  added,  so  that  the  per- 
centage of  hydrocarbons  insoluble  in  88^  naphtha  is  high.  Tlie 
bitumens  insoluble  in  carbon  tetrachloride  but  soluble  in  carbon 
bisulphide  are  called  "carbenes." 

O0i£r  Asphalts. — ^Maracaibo  asphalt  is  found  on  the  Idmon 
Biver  about  50  miles  west  of  Maracaibo,  Venezuela.  According 
to  Clifford  Richardson  it  is  an  exudation  from  maltha  springe. 
When  carefully  refined  it  contains  from  92  to  97  per  cent  of 
bitumen  soft  enough  to  be  indented  by  the  finger  nail.  It  con- 
tains a  very  small  percentage  of  malthenes  and  has  a  higher  soften- 
ing point  than  either  Trinidad  or  Bermudez  asphalt. 

Cuban  asphalts  are  found  in  small  quantities  in  many  places 
on  the  island  and  what  little  use  of  them  is  made  in  the  United 
States  is  mainly  for  varnishes.  A  deposit  18  miles  from  Havana 
has  furnished  material  used  in  street  pavements. 

Asphaltic  materials  are  found  in  many  places  in  Mexico,  and 
some  of  them  have  been  devdoped  more  or  less.  What  is  usually 
known  among  roadbuilders  as  Mexican  asphalt  is  prepared  from 
the  malthas  and  petroleums  obtiuned  mainly  from  the  Tampico 
and  Tuxpan  district. 

Natural  asphalt  has  been  obtained  in  California  at  several 
places,  but  the  most  noted  deposits  are  no  longer  worked. 

Re&iing  natural  asphalt  consists  merely  in  driving  off  the 
water  it  contains  by  heating  the  material  to  about  325^F.  in 
large  tanks  containing  coils  of  pipes  through  which  steam  is 
passed.  In  the  bottom  of  the  tanks  are  steam  jets  which  agitate 
the  asphalt.  The  vegetable  impurities,  if  any,  are  skunmed  from 
the  top.  The  refined  asphalt  is  drawn  off  while  it  is  liquid  into 
barrels  for  shipment.  When  it  is  to  be  used,  it  is  melted  with  a 
residuum  flux. 

Solid  Bitumens  not  Asphalts. — Gilsonite  is  a  hard,  brittle  bitu- 
men with  a  reddish  brown  streak  and  a  conchoidal  fracture, 
obtained  mainly  from  Utah  and  Colorado.  It  is  sold  in  two 
grades,  gilsonite  selects  and  gilsonite  seconds,  the  former  being 
tibie  more  pure.  GUsonite  from  different  mines  varies  consider- 
ably, and  some  of  it  is  of  little  value  for  use  in  paving  mixtures. 
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Grahamite  is  a  hard,  brittle  bitumen  with  a  black  streak, 
otherwise  resembling  gilsonite  in  appearance.  Its  softening 
point  is  very  high  and  not  yet  definitely  determined.  It  is 
obtained  mamly  from  Oklahoma. 

Properties  of  QiUoniU  and  Cfrahamite 
(Clifford  Richardson,  The  Modem  Asphalt  Pavement) 


Specific  gravity,  78778*F. . . . 

Streak 

Lustre 

Fracture 


OnJKMJIM 


Hardness 

Softens 

Flows 

Loss,  325*F.,  7  hours 

Loss,  400**F.,  7  hours 

Bitumen  soluble  in  CSt 

Insoluble  organic  matter .... 

Mineral  matter 

Bitumen  soluble  88^  naphtha 

Soluble  bitumen  removed  by 
HiSOi 

Total  bitumen  as  saturated 
hydrocarbons 

Bitumen  soluble  in  S2^  naph- 
tha  

Bitumen  insoluble  in  CCI4 . . 

Fixed  carbon 


87.7% 

6.9% 

67.4% 

0.0% 

13.0% 


1.040 

Brown 

Lustrous 

Sub-con- 

choidal 

2 

300'F. 

326**F. 

2.3% 

4.0% 

09.0% 


71.8% 

4.6% 

30.3% 

0.4% 

13.4% 


1.171 
Black 

Dull 
Hackly 

Brittle 

Intumesces 

Intumesces 

0.1% 

0.6% 

94.1% 

0.2% 

6.7% 

0.4% 

26.0% 

0.32% 

0.7% 
68.7% 
53.3% 


Manjak  resembles  grahamite  and  is  obtained  from  Barbadoes 
and  South  America.  Its  lack  of  imif  ormity  and  its  high  price  have 
prevented  any  large  use  of  it  for  American  pavements,  althou^ 
it  is  used  successfully  in  preparing  other  materials. 

Fluxing  Solid  Bitumens. — Paving  materials  are  made  from  solid 
bitumens  by  fluxing  them  with  petroleiun  residuums  by  two 
methods.  In  the  fiiret  method  the  residuum  is  heated  to  above 
the  temperature  at  which  the  solid  bitumen  melts  and  the  latter 
is  then  added.  Grahamite  does  not  melt  but  intumesces  and  the 
residuum  to  flux  it  must  be  raised  to  an  exceptionally  high  tem- 
perature. The  mixture  is  agitated  until  the  bitumen  is  all 
melted  and  the  combined  material  is  of  uniform  quaUty. 

In  the  second  method,  the  residuum  is  heated  to  about  350^F. 
and  air  is  then  blown  through  it  for  six  to  forty  hours,  depending 
upon  the  quality  of  the  old  and  the  properties  desired  in  the  fin- 
ished product.  As  soon  as  it  reaches  the  proper  consistency  the 
blowing  is  stopped  and  enough  solid  bitumen  mixed  with  it  to 
give  a  paving  material  having  the  required  properties. 
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The  selection  of  bituminous  materials  for  road  piuposes  should 
be  based  upon  the  local  climatic  conditions,  the  volume  and 
character  of  the  traffic,  the  character  of  the  stone  to  be  used, 
and  the  type  of  road  to  be  constructed  or  maintained.  Such 
conditions  manifestly  call  for  expert  advice.  The  requirements 
of  several  state  highway  departments  are  given  here  merely  as 
indicating  the  way  in  which  specialists  have  met  the  needis  of 
their  respective  localities.' 

Some  of  the  requirements  for  road  oils  can  be  met  by  a  few 
crude  asphaltic  petroleiuns.  Provost  Hubbard  gives  the  accom- 
panying anal3r8is  of  a  crude  Califomia  petroleum  of  this  char- 
acter. This  oil  contained  a  small  amoimt  of  water,  and  care  in 
heating  it  would  be  necessary  to  prevent  foaming.  Hubbard 
says  that  ''this  oil  is  capable  of  increasing  greatly  in  consistency 
after  application  and  would  serve  as  an  excellent  binding  medium." 

^  Reyised  by  Provost  Hubbard,  chief  of  road  materials  tests  and  re- 
search, United  States  Office  of  Public  Roads. 

'  Among  the  engineers  to  whom  this  chapter  was  submitted  was  F.  H. 
Joyner,  Road  Commissioner  of  Los  Angeles  County,  Califomia,  who  pre- 
pared the  following  conunent,  which  illustrates  forcibly  the  necessity  of 
the  services  of  a  specialist  in  extensive  road  improvements: 

"From  a  study  of  the  notes  you  submitted  made  by  m^  assistants  and 
myself,  and  from  reports  of  the  chemist  and  chief  road  oiler,  we  reached 
the  decision  that  our  study  and  conclusions  on  what  we  call  road  oils  are 
of  value  only  here  in  Califomia,  where  we  use  only  the  native  oils.  While 
there  is  much  in  the  notes  that  would  not  be  applicable  to  our  Califomia 
oils  or  asphalts,  I  do  not  believe  it  would  be  necessary  or  proper  to  propose 
anychanses  in  the  notes." 

The  following  statement  by  W.  Arthur  Brown,  chemist  of  the  Los 
Angeles  county  road  department,  explains  the  views  mentioned  by  Mr. 
Jo3mer: 

"The  desirable  constituent  of  a  first-class  road  is  asphalt.  The  asphalt 
carpet  coat  demands  an  oil  that  contains  the  highest  grade  of  asphalt.  It 
also  demands  that  this  asphalt  be  thin  enough  to  spread  well.  It  should 
enter  all  the  interstices  of  the  road  surface.  When  the  lifter  constituents 
of  the  oil  have  served  their  purpose,  namely,  that  of  carrier  and  distribu- 
tor, they  are  no  longer  needed,  m  fact,  they  are  not  needed  except,  possi- 
bly, in  very  small  amount.  They  should  then  be  of  such  a  nature  that  they 
wul  volatilise  readily.  We  do  not  wish  a  possible  volatile  constituent  that 
is  solid  or  nearly  so  in  cold  weather  but  tnin  and  acting  as  a  fluxing  agent 
in  hot  weather. 

The  specification  of  the  Los  Anseles  county  highway  department  is  a 
departure  from,  and  simpler  than,  the  older  ones  requiring  fixed  carbon, 
asphalt ene,  viscosity,  float  test,  loss  on  heating  during  a  certain  number 
of  nours  at  a  specified  temperature,  ductility  test,  etc.  This  specification 
requires  that  tne  oil  be  reduced  on  the  Brown  evaporator  in  a  specified 
time.    This  test  determines  the  percentage  of  aspnalt  and  insores  the 
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Crude  California  Petroleum  Adapted  for  Road  Work 
(From  Provost  Hubbard's  Duet  PrevenUvee  and  Road  Binders) 

Character Black,  viscous,  sticky. 

Specific  p-avity  25726^0 0.984 

Flash  point,  degrees  C 160.0 

Loss  at  100 C,  7  hours,  per  cent 5.25 

Character  of  residue More  viscous  than  crude 

Loss  at  163**C.,  7  hours,  per  cent 16 .4 

Character  of  residue Sticky,  very  viscous 

Loss  at  205*'C.,  7  hours,  per  cent 30.0 

Character  of  residue Solid,  not  brittle 

Soluble  in  CSi,  per  cent 99.77 

Organic  matter  insoluble,  per  cent 0. 12 

Inorganic  matter,  per  cent 0. 11 

Bitumen  insoluble  in  86^  jOkaphtha,  per  cent 9.8 

Fixed  carbon,  per  cent 2.05 

Viscosity,  mentioned  in  this  table,  is  explained  by  Provost 
Hubbard  as  follows : 

If  it  is  desired  to  apply  a  road  binder  at  a  given  temperature,  as  for 
instance  when  it  is  to  be  heated  by  means  of  steam,  a  determination  of  its 
viscosity  at  that  temperature  is  often  of  value.  The  test  also  serves  as 
a  means  of  identification.  When  a  viscous  material  is  to  be  cut  with  one 
of  lower  viscosity  in  order  to  bring  it  to  a  proper  consistenc3r  for  applica- 
tion, the  actual  viscositv  of  the  mixture  should  be  ascertained  and  not 
calculated  from  that  of  the  two  constituents  for  the  reason  that  this  prop- 
erty is  not  additive. 

In  reporting  the  results  of  the  test,  the  temperature  of  the 
material,  the  quantity  used  in  testing,  and  the  time  in  seconds 
taken  by  the  materid  in  flowing  through  a  short  tube  of  standard 
dimensions  in  what  is  called  an  Engler  viscosimeter,  are  recorded. 
The  longer  the  period  of  time  taken  by  the  material  in  flowing 
through  the  tube,  the  greater  its  viscosity. 

The  float  test  is  employed  in  determining  the  relative  con- 
sistency of  very  viscous  materials.  The  results  are  reported  in 
seconds  of  time  that  a  float  containing  the  material  under  test 
will  remain  floating  in  water  at  a  stated  temperature.  It  is  con- 
sidered a  very  useful  test  in  controlling  the  preparation  of  road 

volatile  oil  being  ot  such  a  nature  that  it  will  leave  the  oil  when  once  it  is 
applied  on  the  road.  The  percentage  of  asphalt  is  also  much  nearer  the 
actual  in  the  oil  than  by  the  methods  of  heating  in  an  oven  at  a  lower 
temperature.  These  specifications  also  require  a  stickiness  test.  This 
sticKiness  test,  made  on  the  Brown  adhesivemeter,  when  interpreted  in 
accordance  with  the  entire  specifications,  especially  with  the  time  to  reduce 
to  asphalt,  determine  whether  the  oil  has  sufficient  binding  properties  to 
hold  the  particles  from  displacement  from  each  other  and  from  the  base. 
The  stickmess  and  loss  are  standardised  against  road  oils  found  on  the 
market  throughout  California .  The  results  of  the  tests  have  been  carefully 
compared  witn  actual  service  results,  which  are  in  accord  with  laboratory 
results  in  every  case  so  far  known." 
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oils  from  given  materials,  for  by  continuing  the  heating  mitil 
the  residue  gives  a  predetermined  result  in  the  float  test,  a  uni- 
form product  will  be  obtained. 

The  ductility  test  shows  the  distance  in  centimeters  that  a 
briquette  of  the  material  will  stretch  before  breaking,  when 
pulled  at  the  rate  of  5  centimeters  per  minute.  The  briquette 
is  1  cm.  square  at  the  smallest  section  and  has  a  cross-section 
of  2  square  cm.  at  the  clips,  which  are  3  cm.  apart. 

State  Requirements  for  Asphaltic  Materiale  for  Penetration  Roads 


Specific  p-avity,  25*'/25**C 

Flash  point,  degrees  C,  min 

Ductility  at  25°C.,  centimeters, 

min 

Penetration,    100   gr.,    5   sec, 

25°C.,  mm.|  min 

Loss  at  163^0.,  5  hrs.,  per  cent, 

max 

Character  of  residue 

Bitumen  soluble   in  CSt,   per 

cent,  min 

Pure  bitumen  products 

Bermudez  products 

Cuban  products 

Trinidad  products 

Solubility  in  86^  naphtha,  per 

cent 

Solubility  in  CCI4,  per  cent 

Fixed  carbon,  per  cent 


nxjxroiB 


Qrade  A 


1.000+ 
163 

60 

5-12* 

6 
Smooth 


99.5 
95.0 
80.0 
65.0 

72-85 


8-16 


QndoB 


0.97-1.000 
200 

15 

5-8 

2 
Smoothf 

99.5 


72-80 

99.4-f 

7-14 


OHIO 


Grade 
A-1 


.974- 
180 

30 

9-16t 

5 

s 


99.5 
95.0 
81.0 
66.0 

72-86 

98.9+ 
8-16 


TOBK 


Orade 
A 


0.97+ 
190 

40 

14-19 

5 


99.6 
96.0 
81.0 
66.0 

70-88A 


46 
9-16 


99.0 


98.6 


*  8-12  for  material  with  90  per  cent  total  bitumen,  7-10  for  material 
with  80  per  cent  to  90  per  cent  bitumen  and  5-8  for  Trinidad  material 
having  less  than  80  per  cent  bitumen. 

t  Penetration  of  residue  at  least  60  per  cent  of  that  of  the  original 
material. 

\  9-12  for  pure  bitimien  products,  12-16  for  fluxed  native  asphalts. 

S  Penetration  of  residue  at  least  half  that  of  original  material. 

A  In  76""  naphtha. 

Note — Illinois  specifies  a  brittleness  test  as  follows:  "A  cylindrical 
prism  of  the  bituminous  binder  1  cm.  in  diameter,  after  being  maintained 
at  a  temperature  of  6*'C.  (41''F.)  for  20  minutes,  shall  bend  180  degrees 
at  any  point  without  checking  or  breaking.''  New  York  specifies  a  tough- 
ness test  as  follows:  '4t  (the  bituminous  material)  shall  snow  a  toughness 
at  32*'F.  not  less  than  15  cm.  Toughness  is  determined  by  breaking  a 
cylinder  of  the  material  If  inches  in  diameter  by  1}  inches  in  height  in  a 
Page  impact  machine.  The  first  drop  of  the  hammer  is  from  a  height  of 
5  cm.  and  each  succeeding  blow  is  increased  by  5  cm."  New  York  also 
specifies  a  maximum  of  4.7  per  cent  of  paraffin. 
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State  RequiremenU  for  Asphaltie  MateriaU  for  Swrfacing 


NXW  TOBK 

OHIO 

Gnd« 
H.  O. 

Onde 
CO. 

Oi»de 
H.  0. 

Onde 
M.  0. 

QndaCO 

Specific  gravity,  25726^C 

Flash  Point,  desrees  C 

0.96 

163 

* 

10 

0.93 
52 

% 
30 

0.96 

0.93 

0.91 

Ductility  at  20'*C.,  cm 

Loss  at  163*C.,  5  hours,  per  cent . 
Character  of  residue 

5 

25 

30 
Sticky 
^    99.5 

90-98 

Bitumen  soluble  in  CSi,  per  cent. 
Solubility  in  86"*  naphtha,  per 
cent 

99.5 

75.90t 

6-14 

4.7 

99.5 

80-95t 
10 
4.0 

99.5 

80-94 
6 

99.5 

85-97 
3.5 

Fixed  carbon,  per  cent 

3 

Para£5n  scale,  per  cent 

*  The  residue  after  evaporation  to  10  nun.  penetration  at  a  tempera- 
ture not  exceeding  500''F..  must  amount  to  85  to  95  per  cent  of  the  original 
volume  and  have  a  ductility  of  at  least  25  cm. 

t  In  76*"  naphtha. 

t  The  residue  after  evaporation  to  10  mm.  penetration  at  a  temperature 
not  exceeding  500^F.  must  amount  to  60  to  65  per  cent  of  the  original 
volume  and  have  a  ductility  of  at  least  25  cm. 

Note — ^New  York  specines  the  following  toughness  test :  Grade  H.  O. 
shall  show  a  toughness  at  32^F.  not  less  than  §b  cm.  deterinined  by  the 
Page  impact  test.  Ohio  requires  a  viscosity  of  10  to  60  at  lOO^C.  for  50  cc. 
for  Grade  H.  O.,  40  to  80  at  50''C.  for  50  cc.  for  Grade  M.  O.,  and  5  to  12 
at  50*C.  for  50  cc.  for  Grade  C.  O. 

Shipping  Road  OH. — Small  quantities  of  road  oil  are  shipped  in 
tight  wooden  60-gallon  barrels^  such  as  are  used  for  shipping 
molasses,  or  in  steel  barrels.  These  barrels  make  the  oil  cost  2 
to  3  cents  a  gallon  more  than  the  price  for  the  oil  itself.  Unin- 
jured empty  barrels  can  generally  be  resold  to  the  shipper. 
Heavy  oil  is  troublesome  to  remove  from  barrels,  and  they  are 
usually  dumped  into  the  open  heating  kettles  and  broken  up. 
When  the  oil  is  warm  the  broken  pieces  of  wood  are  raked  out 
and  used  for  fuel.  If  there  is  no  beating  kettle  on  the  job,  the 
barrels  of  heavy  oil  must  be  kept  close  to  a  fire  or  in  a  very  warm 
room  before  the  oil  can  be  poured  from  them  into  the  distributor. 

Larger  quantities  of  oil  are  shipped  in  tank  cars,  holding  8000 
or  12,000  gallons.  Where  a  large  amoimt  of  oil  is  to  be  used 
annually  near  any  railway,  it  will  be  desirable  for  the  officials  to 
supply  a  tank  into  which  the  oil  can  be  rim  as  soon  as  the  car 
arrives.  The  season  for  roadwork  is  limited  and  during  it  there 
is  a  brisk  demand  for  tank  cars.  The  oil  company  which  loses 
the  service  of  a  car  for  a  week  or  ten  dayis,  while  it  stands  on  a 
siding  waiting  to  be  emptied,  is  obliged  to  add  an  equivalent 
item  to  its  overhead  expense,  and  the  road  district  which  provides 
for  prompt  discharge  of  tank  cars  is  in  a  position  to  demand, 
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and  will  probably  get,  quotations  shaded  somewhat  to  recognise 
its  sense  of  business  fairness. 

If  oil  must  be  used  hot,  a  f  or  1-inch  steam  connection  must 
be  made  with  the  heating  coils  of  the  tank  car.  For  this  reason, 
the  car  is  often  spotted  on  a  siding  near  an  electric  station  or 
mill,  but  the  steam  can  also  be  furmshed  by  a  road  roller,  trac- 
tion engine  or  other  convenient  source.  It  will  take  from  twelve 
to  twenty-four  hours  to  heat  a  tankful  of  heavy  oil  to  150*  to 
170**F.,  which  is  lugh  enough  to  allow  it  to  be  pumped.  The 
temperature  can  be  increas^  after  that  in  the  distributor.  The 
amoimt  of  steam  supplied  to  the  heating  coils  of  the  car  is  regu- 
lated by  a  valve  on  the  exhaust  pipe  of  tne  coil,  which  is  adjusted 
to  prevent  a  waste  of  steam.  As  some  road  oils  have  a  low  flash 
point,  great  care  must  be  taken  to  prevent  any  oil  coming  in  con- 
tact with  a  flame.  The  temperature  of  the  oil  should  be  tested 
from  time  to  time  with  a  thermometer,  to  see  that  it  is  not  over- 
heated. If  there  is  any  water  in  the  oil  it  will  give  a  great  deal 
of  trouble  if  heated  quickly,  and  if  foaming  is  detected  the  rate 
of  heating  should  be  dhecked  at  once. 


Specific  Gravities f  Degrees  Baumi,  Weiahts  in  Pounds  per  Gallon  and  Volume 
in  Gallons  per  Pound  of  Oils  ai  60**F.  Having  Specific: 

Gravities  Exceeding  l.OQ 


BP>CIFIC 

DEGBBKS 

Pouin>s 

OAIXONS 

sPBCxnc 

DBQRXBS 

POUNDS 

OHAVITT 

BAVUA 

PBR  OAMiON 

PSR  POUND 

QBAVITT 

BA.UII]£ 

PBR  QALLOK 

1.00 

0.00 

8.328 

0.1201 

1.15 

18.91 

9.577 

1.01 

1.44 

8.411 

0.1189 

1.16 

20.00 

9.660 

1.02 

2.84 

8.495 

0.1177 

1.17 

21.07 

9.744 

1.03 

4.22 

8.578 

0.1165 

1.18 

22.12 

9.827 

1.04 

5.58 

8.661 

0.1153 

1.19 

23.15 

9.910 

1.05 

6.91 

8.744 

0.1141 

1.20 

24.17 

9.994 

1.06 

8.21 

8.828 

0.1129 

1.21 

25.16 

10.077 

1.07 

9.49 

8.911 

0.1117 

1.22 

26.15 

10.160 

1.08 

10.74 

8.994 

0.1105 

1.23 

27.11 

10.243 

1.09 

11.97 

9.078 

0.1093 

1.24 

28.06 

10.327 

1.10 

13.18 

9.161 

0.1081 

1.25 

29.00 

10.410 

1.11 

14.37 

9.244 

0.1069 

1.26 

29.92 

10.494 

1.12 

15.54 

9.327 

0.1057 

1.27 

30.83 

10.677 

1.13 

16.68 

9.411 

0.1045 

1.28 

31.72 

10.660 

1.14 

17.81 

9.494 

0.1033 

1.29 

32.60 

10.743 

QALLOMB 
PBR  POUND 


0.1021 

0.1009 
0.0997 
0.0985 
0.0973 
0.0961 
0.0949 
0.0937 
0.0925 
0.0913 
0.0908 
0.0889 
0.0877 
0.0865 
0.0853 


Note:  For  a  similar  table  of  oils  of  specific  gravities  less  than  1.00 
dee  page  358. 

Pumping  Road  Oil. — In  order  to  remove  the  oil  from  the  tank 
car  to  the  distributors,  some  form  of  pump  is  generally  necessary, 
for  it  is  not  often  that  the  car  can  be  placed  on  a  siding  or  trestle 
high  enough  to  allow  it  to  be  emptied  by  gravity. 
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If  a  lift  pump  set  in  the  top  of  the  car  is  used,  it  should  be  a 
3  or  4-iiich  size.  With  it  one  man  can  fill  a  600-gallon  dis- 
tributor in  twenty  minutes. 

In  many  cases  a  hose  or  pipe  is  connected  to  the  bottom  of 
the  car  and  run  to  an  oil  pimip,  operated  by  a  steam  or  gasoline 
engine,  which  forces  the  oU  into  the  distributor.  A  1^  or  2-inch 
power-driven  rotary  piunp  will  deliver  600  gallons  in  ten  to  fif- 
teen minutes.  These  pimoips  work  with  either  hot  or  cold  oil. 
A  water  tank  pmnp  can  be  used  with  cold  oil  but  hot  oil  will  ruin 
the  valves  speedily.  A  2-inch  suction  tank  pump  will  fill  a  600- 
gallon  tank  in  thirty  to  forty  minutes. 

The  hose  used  in  the  connections  between  the  pump  and  the 
bottom  of  the  tank  car  should  be  as  short  as  possible  because  the 
oil  often  destro3rs  it  rapidly.  It  is  desirable  to  have  a  cut-off 
valve  in  the  connection  pipe.  When  everything  is  coupled  ready 
for  use,  the  discharge  valve  in  the  bottom  of  the  car  is  raised  by 
means  of  a  vertical  stem  nmning  up  to  the  dome  of  the  car,  and 
the  flow  of  oil  is  controlled  by  the  cut-off  valve,  for  the  manipu- 
lation of  the  tank  valve  is  quite  troublesome. 

Heating  Road  OU. — ^As  the  fixed  and  operating  charges  at  an 
oil  storage  plant  are  about  the  same  irrespective  of  the  amoxmt 
of  oil  ddivered  into  distributors,  it  is  desirable  to  load  as  manv 
carts  daily  as  practicable,  in  order  to  reduce  the  tmit  cost  of  such 
work.  In  Califomia,  where  large  amoimts  of  oil  are  used  in  sur- 
facing concrete  roads,  oil  stations  have  been  designed  with  par- 
ticular attention  to  effecting  such  economics.  It  is  considered 
desirable  to  have  the  oil  at  a  temperature  of  300^  F.  when  it  is 
applied,  so  it  is  heated  to  325^  for  delivery  within  10  nules  and 
360^  for  longer  deliveries. 

The  oil  is  discharged  from  the  cars  into  storage  tanks  or  pits 
holding  10,000  to  25,000  gallons.  These  contain  steam  coils  to 
warm  the  oil  sufliciently  to  enable  it  to  be  pimiped  into  a  circu- 
lating tuik  holduig  2000  to  3000  gallons,  where  it  is  heated 
further  by  steam  coils.  The  oil  is  then  pimiped  through  a  heater 
and  back  into  the  circulating  tank  imtil  its  temperature  is  about 
200^,  after  which  the  temperature  of  the  heater  is  raised  and  the 
oil  pmuped  throu^  it  into  the  distributor.  The  whole  operation 
takes  one  and  one-half  hours. 

The  heater  resembles  a  return  tubular  boiler.  The  furnace 
has  a  fire  brick  arch  and  walls  and  is  heated  by  oil  burners.  The 
heated  gases  pass  over  the  furnace  ardi  in  a  chamber  formed  of 
ordinary  brick  masonry,  and  finally  escape  through  a  steel  stack. 
The  oil  is  pumped  through  a  multiple  grid  of  3-inch  pipes.  The 
design  is  made  on  the  assumption  that  with  furnace  temperatures 
of  1800^  to  2000^,  1  square  foot  of  heating  surface  will  transmit 
3  British  thermal  units  per  hour  per  degree  of  change  in  temperature. 
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Volume  of  Oil  at  SO^'F.  BquivdUrU  to  Unit  Volvme  at  Stated  Temperalure9  in 

Fahrenheit  Degrees 


0-p 

0 

10 

ao 

30 

40 

80 

00 

70 

80 

00 

1.000 
0.962 
0.926 
0.893 
0.862 

0.996 
0.958 
0.922 
0.890 
0.859 

0.992 
0.954 
0.919 
0.886 
0.856 

0.968 

100 
200 
300 
400 

0.984 
0.947 
0.912 
0.881 

0.980 
0.943 
0.909 
0.877 

0.977 
0.940 
0.906 
0.876 

0.973  0.969 
0.936  0.933 
0.903  0.899 
0.871  0.868 

0.965 
0.929 
0.896 
0.866 

0.951 
0.916 
0.883 
0.853 

Notb:  This  table  is  based  on  the  assumption  that  the  volume  of  oil 
increases  0.4  per  cent  for  every  increase  of  lO^F.  above  60^.  This  rule 
is  exactly  applicable  only  to  some  oils.  In  Los  Angles  County,  Cal.,  the 
rate  of  increase  in  volume  is  taken  at  0.3  per  cent  m  the  specifications  of 
the  county  road  department. 

Purchasing  OH. — Oil  increases  in  volume  from  0.3  to  0.4  per 
cent  for  each  lO^'F.  rise  in  its  temperature.  The  oil  is  bought 
on  the  basis  of  its  volume  at  60^F.  and  if  measured  at  any  other 
temperature  its  volume  must  be  computed,  or,  in  the  case  of  an 
oil  having  an  increase  in  volume  of  0.4  per  cent  per  lO^F.,  the 
accompanying  table  will  give  the  volume  at  60*^  with  a  Tninimnm 
amount  of  figuring.  To  use  it,  multiply  the  tabular  number 
for  the  temperature  at  which  the  measurement  was  made  by 
the  measured  quantity  of  oil.  For  example  1,100  gallons  of  oil 
at  SrS^'F.  multiplied  by  0.888  gives  978  gallons  as  the  volume 
at  60^F.  If  the  rate  of  increase  per  lO^F.  was  0.3  per  cent,  the 
volume  at  60^F.  would  be  995  gallons. 


TAR  AND  TAR  PRODUCTS* 

The  tar  used  in  roadbuilding  is  obtained  by  refining  the  crude 
tar  produced  in  the  destructive  distillation  of  coal,  in  making  en- 
riched water  gas  and  in  certain  classes  of  coke  ovens.  It  is  a  com- 
plex mixture  of  many  hydro-carbons  and  is  not  a  simple  chem- 
ical substance. 

In  a  city  gashouse,  gas  is  produced  by  heating  coal  in  retorts 
usually  about  8  feet  long,  15  inches  high  and  18  inches  wide. 
The  tar  is  driven  off  with  the  gas  and  is  collected  for  the  most 
part  in  ''hydraulic  mains"  which  act  as  water  seals  for  the  gas. 
The  gas  is  further  cooled  in  a  condenser,  where  more  tar  is  de- 
posited, and  the  remaining  tar  is  removed  in  a  tar  extractor 
and  scrubbers.  The  tar  obtained  at  each  stage  in  the  process 
is  different  from  that  obtained  at  the  other  stages,  but  all  of  it 
is  usually  run  into  large  wells,  where  the  accompanying  ammo- 
niacal  water  rises  and  is  drawn  off.  The  character  of  the  tar 
varies  greatly.  It  is  much  affected  by  the  temperature  at  which 
the  co£ng  is  conducted,  as  well  as  by  the  character  of  the  coal 
used.  High  temperatures  result  in  an  increase  in  the  amount  of 
free  carbon  in  the  tar,  and  this  increase  in  free  carbon  is  accom- 
panied by  an  increase  in  specific  gravity.  The  presence  of  anmio- 
niacal  water  with  oils  distilling  below  llO^C.  is  stated  bv  Pre- 
vost  Hubbard  to  be  the  distinguishing  features  of  all  crude  coal 
tars. 

Another  class  of  tar  is  obtained  from  by-product  coke  ovens. 
The  retorts  in  this  case  are  much  larger  but  are  operated  in  much 
the  same  way  as  the  retorts  of  illuminating  gas  plants,  except 
that  the  main  endeavor  is  to  produce  the  maximum  amount  of 
coke  instead  of  gas.  For  this  reason  the  temperatures  are  lower 
than  those  usually  employed  in  coal-gas  works  and  the  tar  is 
likely  to  have  a  comparatively  low  amoimt  of  free  carbon  and  a 
comparatively  high  amoimt  of  oils.  There  are  several  types  of 
by-product  coke  ovens,  and  some  produce  tars  better  suited  for 
road  work  than  other  t3rpes. 

Water  gas  is  made  by  passing  steam  over  hot  coal,  in  which 
process  no  tar  ia  produced.  This  gas  is  a  mixture  of  hydrogen 
and  carbon  monoxide,  and  bums  with  a  flame  of  no  value  for 

^  Revised  by  Prevost  Hubbard,  Chief  of  road  materials  tests  and  research, 
U.  S.  Office  of  Public  Roads. 

370 


380  AMERICAN  mOHWAT  ASSOCIATION 

illumination.  It  must  therefore  be  mixed  with  hydrocarbonSi 
which  are  usually  obtained  by  cracking  a  grade  of  petroleum  dis- 
tillate called  gas  oil.  In  the  purification  of  this  enriched  or  ''car- 
buretted"  gas,  tar  is  obtained  which  is  called  water-gas  tar. 
It  is  lighter  than  coal  tar  and  the  water  it  contains  is  practically 
free  from  ammonia,  which  is  an  identifying  characteristic  of  this 
material.  It  has  a  comparatively  high  amount  of  heavy  oil  and 
a  low  amount  of  pitch. 

In  some  gas  works  both  coal  gas  and  water  gas  are  made  and  the 
tar  from  both  processes  are  collected  together,  resulting  in  mixtures 
which  may  vary  greatly  in  composition. 

The  crude  tar  is  stored  in  tanks  at  the  refineries,  each  cla^ 
by  itself.  As  much  water  is  removed  by  settling  as  is  possible, 
since  this  is  the  cheapest  method  of  getting  rid  of  it.  After  set- 
tling, the  tar  is  pumped  into  a  still.  Sometimes  the  tars  from  sev- 
eral sources  are  mixed  so  that  a  product  with  certain  character- 
istics can  be  obtained  which  are  imattainable  by  refining  tar  from 
one  source.  The  stills  are  set  in  brick  like  horizontal  boiler  shells 
and  are  heated  very  carefully  at  first  to  prevent  the  water  in  the  tar 
from  causing  foaming.  The  vapors  from  the  still  are  liquified  in 
condensers.  Water  and  light  oils  are  first  driven  off,  then  inter- 
mediate oils  and  finally  heavy  oils.  The  road  materials  are  ob- 
tained from  the  residuum.  The  distillation  must  be  stopped 
early  if  a  light  road  tar  is  desired,  while  the  process  is  carried 
much  further  if  a  binder  is  desired.  In  the  final  stages,  the  con- 
tents of  the  still  are  agitated  by  jets  of  air  to  prevent  coking. 

The  composition  of  several  crude  tars  and  of  the  heavy  pitches 
made  by  refining  them  is  given  in  the  accompanying  table.  The 
figures  must  not  be  considered  more  than  representative  of  gen- 
eral characteristics,  for  individual  tars  in  the  same  class  vary 
greatly. 

Tar  products  for  road  purposes  are  called  "straight-run"  when 
they  are  the  residuums  left  sSter  refining  crude  tars  to  the  degree 
which  will  furnish  a  material  of  suitable  composition,  and  '^cut- 
back" when  they  are  made  by  fluxing  a  hard  pitch  with  a  lighter 
distillate. 

The  effect  of  free  carbon  in  tar  upon  its  utility  for  road  purposes 
has  been  a  subject  of  protracted  controversy.  Philip  P.  Sh^urples 
makes  this  conmient: 

Experience  has  seemed  to  settle  that  a  moderate  amount  of  free  carbon 
18  beneficial  in  a  road  tar,  thus  bearing  out  the  practical  experience  gained 
in  the  use  of  coal  tar  materials  in  other  directions.  At  the  same  time,  an 
excess  of  free  carbon  is  not  desirable,  since  it  tends  to  make  the  material 
difficult  to  work  and  also  reduces  to  a  considerable  degree  the  amount  of 
true  bitumen  available.  On  the  other  hand,  a  certain  percenta^  of  free 
carbon  seems  to  enhance  the  binding  power  of  the  refined  tar.    The  upper 
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limit  m&y  perhaps  be  set  at  25  per  cent  for  a  binder  and  i>erhap8  22  per  oent 
for  a  tar  used  for  hot  surface  application.  The  lower  limits  on  these  classes 
of  materials  should  certainlv  not  be  less  than  12  per  cent  for  binder  mate- 
rials and  10  per  cent  for  hot  surfacing  materials.  With  cold  surfacing 
materials  the  iree  carbon  is  necessarily  much  lower,  as  its  presence  in  large 
quantities  reduces  the  penetration.  With  cold  surfacing  materials  4  per 
cent  may  be  placed  as  a  desirable  minimum. 

Prevost  Hubbard  makes  the  following  comments  on  free  car- 
bon in  his  Dust  Preventives  and  Road  Binders: 

In  tars  of  the  same  consistency,  those  of  low  carbon  contents  have  a 

freater  inherent  binding  strength  than  those  of  high-carbon  contents, 
n  tars  whose  bitumen  contents  are  of  the  same  consistency  those  of  high 
carbon  contents  have  a  greater  inherent  binding  strength  than  those  of  low 
carbon  contents,  but  the  binding;  capacity  of  the  former  is  lower.  In  sand- 
tar  mixtures  containine  a  relatively  large  amount  of  high  carbon  tar,  the 
carbon  may  act  as  a  filler  and  add  to  the  mechanical  strength  of  the  min- 
eral aggregate,  but  better  results  in  this  respect  can  be  ootained  by  the 
use  of  a  smaller  quantity  of  low  carbon  tar  of  the  same  melting  point, 
together  with  a  mineral  filler.  The  waterproofing  value  of  high-carbon 
tars  is  in  general  less  than  that  of  low-carbon  tars.  Free  carbon  retards 
the  absorption  of  tars  by  porous  surfaces.  When  tar  is  exposed  in 
comparatively  thin  films  free  carbon  has  little  or  no  effect  in  retarding 
volatilisation. 

Applying  these  facts  to  the  use  of  tar  in  road  treatment  the  following 
conclusions  are  logically  deduced;  (1)  In  the  treatment  of  old  road 
surfaces  a  low  carbon  tar  is  to  be  greatly  preferred  to  a  high  carbon  tar. 
(2)  In  ordinary  bituminous  road  construction,  both  from  the  standpoint 
of  efficiency  and  economy,  a  low-carbon  tar  is  to  be  preferred  to  a  high- 
carbon  tar  whose  bitumen  content  is  of  the  same  consistency. 

The  distillation  test  of  tars  furnishes  information  regarding 
their  utility  for  road  work.  Formerly  the  test  was  made  on  ma- 
terial which  might  or  might  not  contain  water,  but  the  tend- 
ency of  specialists  at  present  is  to  remove  any  water  from  the 
samples  by  preliminary  distillation  at  a  low  temperature,  for  no 
water  is  permitted  in  tar  for  hot  application  under  most  speci- 
fications now.  The  distillation  is  carried  on  in  an  Engler  flask 
and  is  conducted  in  a  series  of  stages.  The  terminal  temperar 
tures  of  the  stages  have  usually  been  110°C.,  170**C.,  270**C.  and 
SOO^C,  but  recently  it  has  been  proposed  to  make  another  stage 
with  a  terminal  temperature  of  235^0.  The  test  is  one  which  must 
be  conducted  with  careful  observance  of  the  procedure  speci- 
fied for  the  method  followed  or  the  results  will  not  be  comparable. 
The  distillate  obtained  during  each  stage  is  called  a  ''fraction." 

The  1916  requirements  of  several  State  highway  departments 
for  different  grades  of  tar  are  given  in  an  accompanying  table. 


JOHN    BAKER,    Jr. 


Texaco  Road  Products 


Asphalts 

Texaco  No.  130  Road  Asphalt 
Texaco  No.  96  Paving  Cement 
Texaco  No.  65  Paving  Cement 
Texaco  No.  54  Paving  Cement 
Texaco  No.  34  Paving  Cement 
Texaco  No.  32  Paving  Filler 

Binders 

Texaco  Surfacing  Compound 
Texaco  Special  Macadam  Binder 
Texaco  Macadam  Binder 

Road  Oils 

Texaco  No.  30  Road  Oil 
Texaco  No.  45  Road  Oil 
Texaco  No.  55  Road  Oil 
Texaco  Liquid  Asphalt  No.  1 

Aspha-Bric 


NEW  YORK 
BOSTON 
RICHMOND 
PHILADELPHIA 
BUFFALO 
DENVER 


KANSAS  CITY 
NEW  ORLEANS 
BIRMINGHAM 
TAMPA 
DES  MOINES 


CHICAGO 

JACKSONVILLE 

MINNEAPOLIS 

CLEVELAND 

TOLEDO 

ST.  LOUIS 
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The  Standard  of  Comparison 
for  Paving  and  Road  Materials 

To  claim  that  a  paving  or  road-building  material  is  as  good 
as  Trinidad  or  Bermudez  asphalt  is  considered  the  strongest 
endorsement  that  can  be  brought  forward. 

But  the  materials  for  which  this  claim  is  made  are  usually 
new  and  untried,  and  year  after  year  one  "Just-as-good-as- 
lake-asphalt"  follows  another  into  oblivion. 

Bermudez  Trinidad 

Road  Asphalt        Lake  Asphalt 


Meanwhile  the  use  of  the  lake  asphalts  steadily  increases, 
and  their  position  as  the  standard  materials  by  which  all 
others  are  judged  is  more  firmly  fixed  (1)  by  the  continued 
good  service  of  natural  asphalt  roads  and  pavements,  some 
of  which,  though  30  years  old,  are  in  service  today;  and  (2) 
by  the  duplication  of  unfortunate  experience  with  artificial 
or  manufactured  asphalt. 

Engineers  and  ofl&cials  with  reputations  to  preserve,  and 
taxpayers  whose  money  is  to  be  spent  may  well  consider  also 
that  even  if  there  was  any  material  for  paving  and  road- 
building  equaling  the  lake  asphalts  in  stability,  dependability 
and  long  life,  it  would  take  30  years  to  prove  it. 

THE  BARBER  ASPHALT  PAVING 

COMPANY 

PHILADELPHIA  PENNSYLVANU 
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Company 


Road  Materials,  Etc. 

The  Barrett  Company  has  a  record  of  forty  years  in  fur- 
nishing paving  materials.  Its  experience  and  reputation 
gained  through  the  years  are  coupled  with  progressiveness. 
Its  engineers  and  chemists  are  constantly  at  work  on  the 
solution  of  new  problems.  Each  year  marks  a  distinct 
advance. 

Barrett  materials  combine  knowledge  and  experience. 

''Tarvia'X''  is  used  as  a  binder  in  the  construction  of  mac- 
adam roads. 

''Tarvia-A''  and  ''Tarvia-B''  are  used  for  maintenance  on 
many  kinds  of  roads. 

"Tarvia^K.  P."  meets  the  demand  for  a  patching-material 
that  can  be  used  cold  at  any  time  of  the  year  for  patching  and 
maintaining  bituminous  surfaces. 

Barrett's  Paving  Pitch  is  used  as  a  filler  on  stone  block, 
wood  block  and  brick  paving.  Special  grades  are  made  to  meet 
every  requirement  and  a  new  mastic  filler  has  been  developed  for 
use  in  stone  and  brick  pavements. 

Barretfa  Grade-One  Creosote  Oil  is  designed  for  preserv- 
ing all  timber  used  in  highway  fences  and  bridges. 


Barrett's  Ever  jet  Paint  is  a  black  paint  designed  for  pro- 
tecting exposed  iron  work. 

Booklets  and  parti  ulars  on  request 


The  j^^^^ib^  Company 

New  York       Chicago      Phfladelpbia      Boston      St.  Louit      Cleveland 

Cincinnati  Pittsburgh         Detroit  Birmingham 

Kansas  City     Minneapolis     Nashville     Salt  Lake  City     Seattle     Peoria 
Tbe  Pateison  Mrc.  Co.»  Limited:  Montreal  Toronto  Winnipeg 

Vancouver  St.  John,  N.  6.  Halifax.  N.  S.  Sydney.  N.  S. 
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Asphalt  Blocks 

for 

Resurfacing  Country  Roads 


A    REAL    PAVEMENT    ON    A    REAL    COUNTRY    ROAD 


Part  of  an  Eight  Mile  Stratch  of  Asphalt  Blocki 

The  Asphalt  Block  ie  &  compoeition  of  Trinidad  "Lake"  Asphalt,  cruehrd  trap 
rock  and  inorganic  dust,  thoroughljr  mixed  at  a  temperature  of  300°F.,  and 


The  manufacture  of  Asphalt  Blocks  is  now  a  national  industry  with  plants  in 
many  parts  of  the  country.  The  use  of  Asphalt  Blocks  has  reached  a  total  of 
over  fifteen  million  square  yards. 


The  field  for  Asphalt  Blocks  is  by  no  means  limited  to  their  use  on  public 
streets  and  roadways.  They  are  used  extensively  for  the  wearing  surface  of 
piers,  warehouses,  loading;  platforms,  bridges  and  factory  floors. 


Asphalt  Blocks   have   stood   the   test   of  time 

For  further  information  addraai 

THE  HASTINGS  PAVEMENT  CO. 

25  BROAD  STREET  NEW  YORK  CITY 


(SOCONY  BRAND) 

Prepared  in  various  grades  for 
Sheet  Asphalt  Pavements  and 
Bituminous  Macadam  Road 
Construction  by  either  the  pene- 
tration or  mixing  method. 

Standard  Asphalt  Block  Fillers. 
Standard    Asphalt    Road    Oil, 

containing  from  40%  to  60%  as- 
phaltum. 

Specifications  and  other  particu- 
lars on  application. 

STANDARD  OIL  COMPANY  OF  NEW  YORK 

Road     Oil  ^^        26    Broadway 

Department     /^h£:£^^    New    York 

mi 


AGASCO  Products 

Road  Binder 

We  have  been  making  it 
eight  years  instead  of  sell- 
ing the  crude  by-products 
of  our  gas  plant  to  some- 
body else  for  the  same 
purpose. 

Paving  Pitch 

For  all  kinds  of  block 
pavements. 


ATLANTA  GAS  LIGHT  CO. 
Atlanta,  Ga. 


Having  Trouble  in  Keeping 
Up  Your  Macadam  Roads? 

Consult  us ;  we  are  specialists. 

Warrenite 

is  the  best  bituminous  surface 
for  country  roads,  and  can  be 
had  at  a  reasonable  cost.  It  is 
a  lasting  surface.  It  is  a  modi- 
fied form  of  the  Bitulithic  City 
Street  Pavement  adapted  to 
meet  the  conditions  which  pre- 
vail on  country  roads. 

Write  now  for  descriptwe  book- 
lets— a  postal  card  mil  do. 

Warren   Brothers   Company 

Executive  Offices,  Boston,  Mass. 

Branch  Offices:  New  York,  V.  Y.;  Rochester, 
N.  Y.:  Chicaco,  lU.;  Richmond,  Vs.;  St.  Lonis, 
Mo.:  Nashville,  Tenn.;  Phoenix,  Ariz.;  Port- 
land, Ore.;  Los  Angeles,  Calif. 


cjj3  American  Tar  Products  Qi. 

l|l|8  GKNERAL  OFFICEt 

^^      208  So.  La  Salle  St..  CHICAGO 

MAKCt  GOOD  ROADS    PAVING    PITCH 

_ 

Investigate  the 

FINLEY  METHOD 

of  Road   Preservation 

Sam  E.  Finley 

Candler  Bldg.  Atlanta 

LEWIS  ROAD  TARS 

Meeting  Standard  Specifications 

F.  J.  Lewis  Mfg.  Co. 

2500  S.  Robey  St.  Chicago 

The   Original   Practical  Cold  Patch 

HGR  No-  1 

Standard  for  Maintenance 

Headley  Good  Roads  Co. 

30th  and  Spruce  Sts.        Philadelphia 


TARITE,  TARINE 

and 

ROTAR 

Refined  tar  products  for 
use  in  the  construction 
and  preservation  of  road 
surfaces. 

Manufactured  by  the 

American  Tar  Company 

201  Devonshire  Street 
Boston,  Mass. 
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Iroquois 
Mixing    Plants 

For  Street  and  Road  Work 

Portable,  Semi-Portable  and 
Stationary 

Capacities  from  1000  sq.  yds.  Asphaltic 
Concrete  upward 

Ask  for  Bulletin 

The  Barber  Asphalt  Paving  Co. 

Buffalo,  N.  Y. 

HEATING  KETTLES 

Capacity,  10  to  100  gallons 
CONNERY  &  CO. 

PHILADELPHIA,  PA. 

Portable  Mixing  Plants 

For  Bituminous  Concrete 

Warren  Brothers  Company 

Boston,  Mass. 

DISTRIBUTING      NOZZLES 

For  Asphalts  and  Oils 

SPRAT  ENGINEERING  CO. 
93  Federal  Street                              BOSTON 

ASPHALT  MIXING  PLANTS 

Road  Plants,  Three  Sizes 

Car  Plants,  One  Size 

The  F.  D.  Cummer  &  Son  Co. 

Cleveland,  Ohio 

Tar  and  Asphalt  Hsaters 

For  Construction  tnd  Kaintenance 
Capacity,  50  to  900  gals. 

Litfleford  Brothers 

452  £.  Pearl  St..                   Cincinnati 

Motor-Driven 
Oil  Distributors  and  Sprmklers 

THE  Good  Roads  Co. 

14th  and  Chestnut  Sts.            Kansas  Citj,  Me. 

"MERRIMAN" 

STEAM  HEAT  MELTING 

ASPHALT  PLANTS 

The  East  Iron  &  Machine  Co. 

Lima.  Oliio,  U.  S.  A. 

The  Kinney  Distributor 

The  temperature  of  the  oil 
is  under  perfect  control. 

The  pressure  is  positive  and 
produced    by    the    Kinney 
pump. 

The  rate  of  application  isum'- 
form  and  instantly  changed 
by  the  operator. 

The  tank  and  oiling  attach- 
ment can  be  removed  and 
the  chassis  used  for  trucking, 
thereby  increasing   the  re- 
turns from  the  investment. 

Handy  Heater  and  Sprayer 

For  Maintenance  and  Repairs 

Kinney  Manufacturing  Co. 

3529-3541  Washington  St. 
Boston,  Mass. 

ASPHALT  PLANTS 

Stationary  and  Portable 
For  Bituminous  Concrete  Roads 

Hethermgton  &  Bemer 

Indjanapolia*  Ind. 

The  Wichita  Portable 

TAR  HEATERS 
Wichita  FaUs  Boiler  Works 

WiciiiU  Falls*  Tex. 

ROTARY  DRYERS 

Screens,  Mixing  Machinery  for 
Bituminous  Concrete 

The  C.  O.  Bartlett  &  SnowCo. 

Cleveland,  Ohio 
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laid  extensively' by  the    leading  cities   and  State 
Highway  Departments  of  this  country  and  Canada 

AZTEC  SURFACING  ASPHALT 

An  Asphalt  Surfacing  Material  to  be  applied  hot,  will  make 
new  roads  of  old. 

AZTEC  LIQUID  ASPHALT 
For  treatment  of  Macadam,  Dirt,  Sand  or  Gravel  Roads. 


C 
li 
C 


THE  UNITED  STATES  ASPHALT  REFINING  COMPANY 
M  West  street.  New  York 


3 
II 

3 
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BITOSLAG 


An  improved  asphaltic  con- 
crete with  pulverized  slag 
for  its  principal  mineral 
aggregate 

Gritty  surface 
Unaflected  by  heat 
PosBesses  every  quality  of  a 
HIGH-GRADE  PAVEMENT 


The  Bitoslag  Paving  Company 
90  West  St.  New  York 


BITOSAN 

Ret.  U.S.  Pat. Dike 


A  sheet  asphalt  pavement 
laid  upon  a  foundation  of 
specially  prepared  asphalt 
and  sand  or  gravel.  Bltosan 
Foundations  are  as  firm  and 
rigid  as  cement  concrete  and 
far  more  vraterproof.  Laid 
in  two  and  three  courses, 
according  to  traffic  require- 
ments. 

Wtiere  aand  or  gravel  la  th«  only 
native  road  metal,  Bltosan  oilers 
an  opportunity  to  build  durable, 
smooth,  and  handsome  roads  at 
a  moderate  coat. 

THE  UNITED  STATES  ASPHALT 

REFINING  CO. 

90  West  Street,  New  Vork 


BITUMINOUS  ROADS' 

Bituxninous  materials  are  used  on  gravel  and  broken  stone  roads 
in  three  ways:  (1)  thoroughly  mixed  with  the  stone  or  gravel 
before  the  latter  is  placed  on  the  roads;  (2)  driven  into  the 
interstices  between  the  stone  after  the  latter  has  been  placed  on 
the  road;  (3)  applied  to  the  surface  of  a  finished  gravel  or  broken 
stone  road.  Ttte  first  method  produces  what  is  now  commonly 
called  bituminous  concrete  and  the  second  method  bituminous 
macadam.  These  will  be  described  in  this  section  and  surface 
applications  will  be  described  in  the  next  section. 

Rock  for  Bituminous  Roads.* — ^In  bituminous  road  work  obser- 
vations indicate  that  in  some  cases  it  is  advantageous  to  use  a 
rock  of  relatively  high  absorption  rather  than  one  with  low 
absorptive  qualities,  owing  to  a  better  adhesion  of  the  bituminous 
material  bv  a  partial  surface  impregnation  of  the  rock. 

While  the  binding  or  cementing  value  of  a  rock  is  a  most 
important  consideration  from  the  standpoint  of  ordinary  macadam 
.  construction,  the  same  is  not  true  of  broken-stone  roads  which 
are  carpeted  or  constructed  with  an  adhesive  bitimiinous  material. 
The  French  coefficient  of  wear  is  also  of  relatively  less  importance, 
owing  to  the  fact  that  the  fine  mineral  particles  produced  by  the 
abrasion  of  traffic  combine,  or  should  combine,  with  the  bitumi- 
nous material  to  form  a  mastic  which  is  held  in  place  and  pro- 
tects the  underlying  rock  from  abrasion  so  Ions  as  it  is  kept 
intact  by  proper  maintenance.  The  toughness  of  the  rock  is  of 
more  importwce,  as  the  shock  of  impact  is  to  a  considerable 
extent  transmitted  through  the  seal  coat  and  may  cause  the 
underl3ang  fragments  to  chatter.  It  would,  therefore,  seem  that 
the  minimum  toughness  of  a  rock  for  use  in  the  construction  of 
a  bituminous  broken-stone  road  or  a  broken-stone  road  with  a 

^  It  Ib  the  purpose  of  this  chapter  to  indicate  the  methods  followed  in 
several  sections  of  the  country  where  bituminous  roads  have  been  built 
extensively  rather  than  to  recommend  any  methods  as  the  best  for  all 
eonditioos.  Revised  by  P.  St.  J.  Wilson,  chief  ensdneer,  United  States 
Office  of  Public  Roads  and  Rural  Engineering;  F.  fi.  Jo^rner,  road  com- 
missioner of  Los  Angeles  County,  Cal.;  and  W.  R.  Farrmgton,  division 
engineer,  Massachusetts  Highway  Commission. 

'  From  Bulletin  370;  United  States  Department  of  Agriculture^  "Physi- 
eal  Tests  of  Road*Building  Rock,"  by  rrevost  Hubbard,  chemical  engi- 
neer, and  Frank  H.  Jackson,  Jr.,  assistant  testing  engineer,  Office  of 
Public  Roads. 
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bituminouEhmat  surface  should,  for  light  traffici  be  no  lees  than 
for  ordinary  macadam  subjected  to  the  same  class  of  traffic. 
For  moderate  and  heavy  traffic,  however,  the  same  miniTniiTn 
toughness  should  prove  sufficient,  owing  to  the  cushioning  effect 
of  the  bituminous  matrix.  No  maximum  limit  of  toughness  need 
be  considered  for  any  traffic. 

In  the  case  of  bituminous  concrete  roads,  where  the  broken 
stone  and  bitmninous  material  are  mixed  prior  to  la3ai^  and 
consolidation,  it  generally  appears  advisable  to  set  a  TniniTnnyn 
toughness  of  6  to  7  for  li^t-traffic  roads,  instead  of  5,  in  order  to 
insure  that  the  fragments  of  rock  which  have  been  coated  wiih 
bitumen  shall  not  be  fractured  under  the  roller  during  consolida- 
tion; and  12  or  13  for  moderate  and  heavy  traffic,  instead  of  10 
and  19,  as  in  the  case  of  water-bound  macadam  roads. 

Bearing  in  mind  the  fact  that  availability,  cost,  and  various 
local  conditions  generally  control  the  selection  of  proper  limits, 
the  accompanying  table  may  be  used  as  a  general  guide  for 
minimum  limits  of  the  Frendi  coefficient  of  wear  and  toughness 
in  connection  with  bituminous  broken-stone  roads. 

Bituminoits  Materials. — Climatic  conditions,  the  volimie  and 
character  of  traffic  to  be  carried  by  a  road,  the  kind  of  stone  to 
be  used,  and  the  methods  of  construction  vary  greatly  in  differ- 
ent places  and  have  an  important  influence  on  the  determination 
of  the  bituminous  material  to  be  used.  For  this  reason  it  is  not 
practicable  to  have  a  general  specification  of  imiversal  applica- 
bility. The  requirements  for  bituminous  binders  of  a  number 
of  states  are  given  in  the  tables  on  pages  373,  374  and  382. 

In  most  cases  the  binders  are  furnished  by  the  contractors 
under  specifications  of  greater  or  less  detail.  In  Massachusetts 
the  State  highway  commission  usually  purchases  its  material  and 
furnishes  it  to  the  contractors,  although  contractors  are  occa- 
sionally required  to  supply  it. 

Bituminoiis  Macadam. — ^Roads  of  this  type  are  frequently  said 
to  be  built  by  the  ''penetration"  method  because  the  bituminous 
material  is  made  to  penetrate  the  interstices  of  the  road  from  the 
surface.  The  grading,  drainage  and  rolling  of  the  subgrade  are 
carried  out  as  in  the  case  of  waterbound  macadam  roads.  On  the 
subgrade  is  laid  a  base  or  bottom  course,  then  a  top  course  to 
which  the  bituminous  material  is  applied,  and  finally  a  thin 
''seal"  coat  of  bitiuninous  material  covered  with  screenings  or 
gravel  to  protect  the  main  mass  of  the  road  from  the  weather 
and  other  deteriorating  influences. 

The  depth  of  the  bottom  course  varies  with  the  character  of 
the  subgrade,  the  traffic,  the  quality  of  the  stone,  the  character 
of  the  top  course  and  the  preferences  of  the  highway  authorities. 
Probably  6  inches  at  the  center  and  4  inches  at  the  sides  are 
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LimiU  of  Physical  Tests  of  Rock  for  Bituminous  Roads 
(Recommended  by  Provost  Hubbard  and  Frank  H.  Jackson,  Jr.) 


Broken  stone  with 
bituminous  car- 
pet 

Bituminous  macadam 

*  with  seal  coat 

Bituminous  concrete. 
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average  depths.^  In  Massachusetts,  where  the  f  oundatioii  is  pre- 
pared very  carefully,  sometimes  consisting  of  12  inches  or  more 
of  gravel  or  telford,  an  18-foot  roadway  usually  has  a  bottom 
course  2  inches  thick  at  the  sides  and  3  inches  thick  at  the  center, 
after  rolling,  except  on  stone  foundations,  where  the  standard 
thickness  is  2  inches  at  all  points  of  the  cross-section.  These 
thicknesses  are  increased  in  some  cases. 

The  Massachusetts  specifications  call  for  smaller  stone  than 
those  of  most  states,  and  give  the  engineer  the  final  decision 


^  On  roads  where  the  traffic  promises  to  be  heavy,  it  is  often  considered 
best  to  have  the  same  depth  the  entire  width  of  the  road. 
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r^arding  the  proportions  of  the  }  to  l^inch  size  and  the  1\  to 
2|-inch  size  which  diall  be  mixed  together  for  this  course^  the 
intention  being,  where  stone  is  crushed  locaUy,  to  vary  these 
proportions  in  order  to  use  the  output  of  the  crusher.  In  New 
York  and  Pennsylvania  the  maximuTn  size  of  the  stone  for  this 
course  is  3}  inches.  The  Pennsylvania  specifications  require  the 
stone  to  have  a  French  coefficient  of  wear  of  not  less  than  10, 
and  permit  the  use  of  gravel  and  of  broken  slag  which  wei^  70 
pounds  or  more  per  cubic  foot,  meastu'ed  loose.  In  Ohio,  if  sand- 
stone is  used  in  the  bottom  course,  pieces  as  lai^  as  6  inches  are 
permitted;  the  maximiun  size  with  other  rocks  is  4  indies.  In 
Illinois  and  California  the  maximum  size  is  3  inches.  These 
variations  are  due  mainly  to  differences  in  the  average  quality 
of  stone  available  in  the  different  states. 

After  the  stone  has  been  spread,  it  is  sometimes  harrowed.  The 
nUnoiB  specifications  call  for  the  use  of  a  tooth  harrow  weighing 
10  to  12  pounds  per  tooth.  The  course  is  then  consolidated  with 
a  roller,  one  weighing  10  tons  or  more  being  generally  required. 
It  is  next  covered  with  screenings,  small  gravel  and  sometimes 
coarse  sand,  which  are  broomed  and  rolled  dry  until  the  inter- 
stices are  fiUed,  but  not  over-filled.  Some  engineers  consider  the 
course  finished  at  this  stage,  while  others  require  it  to  be  sprinkled 
with  water  and  rolled  so  as  to  consolidate  it  still  further. 

On  the  work  under  a  number  of  State  highway  departments, 
the  stone  for  both  the  top  and  bottom  courses  must  be  shoveled 
from  the  carts  into  place,  or  be  dumped  on  platforms  and  shoveled 
from  there  into  place,  or  be  spread  over  the  road  by  distributing 
wagons  built  for  the  purpose.  In  other  states  tiie  stone  for  the 
bottom  course  may  be  dumped  on  the  subgrade  and  shoveled 
from  these  piles  into  its  final  place.  Stone  for  the  top  course  is 
never  permitted  to  be  dumped  in  piles  on  the  bottom  course. 
The  screenings  or  other  fine  material  used  on  tiie  road  are  gen- 
erally required  to  be  delivered  along  the  road  before  construction 
begins. 

Other  types  of  bottom  courses  than  those  made  of  graded 
aggre^tes  are  occasionally  used.  Many  macadam  roads  in  good 
condition  have  had  a  bitimiinous  macadam  top  course  put  on 
them.  Macadam  roads  when  in  poor  condition  are  often  scari- 
fied, new  material  added  where  needed,  and  then  rolled,  thus 
furnishing  a  suitable  bottom  course  at  miiiimiim  expense.  If 
these  old  roadways  are  thus  used,  their  drainage  should  be  care* 
fully  examined  and  all  defects  remedied  before  the  top  course  is 
laid.  In  the  New  York  state  highways,  a  base  of  run-of-bank 
gravel  not  larger  than  3^  inches  is  sometimes  used.  In  this  case 
the  material  passing  a  ^-inch  screen  must  not  be  more  than  5  per 
cent  in  excess  of  the  voids  in  the  remainder  of  the  material  after 
this  fine  stuff  has  been  removed. 
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In  Massachusetts  the  top  course  is  usually  2  inches  thick,  and 
as  stone  from  1^  to  2}  is  required  the  largest  pieces  become  im- 
bedded slightly  in  the  bottom  course  by  the  rolling.  More  than 
15  per  cent  of  the  }  to  l^inch  stone,  which  is  permitted  in  the 
bottom  course,  is  not  desired  in  the  top  course  because  experi- 
ence has  convinced  the  Massachusetts  engineers  that  its  presence 
makes  a  less  diu^ble  road.  More  bitimiinous  binder  is  required 
with  coarse  than  small  stone,  but  the  entire  quantity  can  be 
applied  at  one  time,  while  if  small  stone  is  used  it  has  been 
found  desirable  to  construct  this  course  in  two  layers  in  order  to 
be  certain  that  the  smaller  voids  existing  with  such  stone  arc 
filled. 

The  top  course  in  most  States  is  usually  from  2  to  3  inches 
thick. 

The  top  course  of  the  New  York  State  highways  is  made  of  1^ 
to  2}  inches  stone,  in  Pennsylvania  1  to  34nch,  in  Ohio  1^  to  2^- 
inch  stone  for  a  course  less  than  3  inches  thick  and  2}  to  44nch 
stone  for  a  course  3  inches  or  more  thick,  xmless  the  stone  has  a 
loss  on  abrasion  of  less  than  6  per  cent,  when  the  size  is  reduced 
to  2  to  3^  inches;  in  Illinois  1  to  2^  inches.  The  Ohio  and 
Illinois  specifications  require  it  to  be  harrowed. 

In  rolling  this  coxu^,  it  is  usually  considered  desirable  to  roll 
adjacent  strips  of  the  shoulders  as  well,  so  as  to  unite  the  shoulder 
and  roadway  as  completely  as  practicable.  It  is  also  generally 
considered  desirable  to  roll  the  stone  until  it  is  "locked''  in  place 
so  the  binder  distributor  can  pass  without  leaving  any  impres- 
sion, but  not  to  the  maximum  density.  The  reason  for  this  is 
that  the  bituminous  material  is  believed  to  be  more  uniformly 
distributed  if  the  course  of  stone  is  capable  of  further  compression 
after  the  binder  has  been  applied.  Some  stone  hard  enough  to 
carry  travel  should  not  be  roUed  heavily,  for  if  heavily  rolled  the 
voids  will  be  so  reduced  that  the  binder  will  not  penetrate  into 
them  properly. 

No  bituminous  material  should  be  applied  except  when  the 
stone  on  the  surface  is  clean  and  free  from  dust.  The  applica^ 
tion  is  now  made  in  many  cases  with  a  pressure  distributor, 
which  is  required  by  some  State  highway  departments;  it  is  also 
applied  by  gravity  distributors  and,  on  small  work,  by  hand 
pouring  cans. 

Distributing  wagons  often  have  some  kind  of  fire-box  for  keep- 
ing the  binder  hot.  Gravity  distributors  discharge  their  contents 
through  nozzles  or  other  spraying  devices  at  their  rear  about  12 
inches  above  the  road.  The  shape  and  location  of  the  nozzles 
are  so  selected  that  the  binder  will  be  dustributed  uniformly 
over  a  strip  of  the  road  somewhat  wider  than  the  distance  be- 
tween the  wheels.    The  binder  flows  from  the  nozzles  by  gravity, 
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and  as  the  contents  of  the  tank  are  drawn  off  the  pressure  on  the 
nozzles  decreases  and  the  rate  of  flow  per  minute  is  reduced. 
In  order  to  maintain  a  \miform  flow,  a  control  valve  in  the  out- 
let pipe  is  provided.  The  rate  of  application  of  the  material  is 
regulated  by  this  valve  and  the  speed  of  the  distributor. 

Pressure  distributors  are  used  where  it  is  desired  to  have  better 
control  over  the  rate  of  application  of  the  binder  than  is  practic- 
able with  gravity  distributors,  and  also  to  obtain  the  best  dis- 
tribution and  penetration.  In  some  t3rpes,  compressed  air  or 
steam  is  admitted  to  the  top  of  the  tank  so  that  iJie  pressure  on 
the  surface  of  the  binder,  whether  the  tank  is  full  or  almost  empty, 
is  sufficient  to  drive  the  material  through  the  nozzles  with  con- 
siderable force.  In  other  types,  the  binder  is  driven  out  of  the 
nozzles  by  a  small  piunp.  The  nozzles  of  the  pressure  distrib- 
utors are  generally  about  6  inches  from  the  surface  of  the  road. 
In  some  cases  the  binder  is  forced  through  a  hose  ending  in  a 
nozzle  which  the  operator  moves  along  just  above  the  surface  of 
the  road. 

Bituminous  material  is  also  distributed  from  tank  wagons  with- 
out any  suitable  piping  and  nozzles  of  their  own.  Tlus  is  done 
by  attaching  to  their  rear  end  a  light  two-wheel  sulky  having  the 
necessary  distributing  apparatus,  which  is  connected  by  piping 
with  the  outlet  of  the  tank  wagon.  Attachments  are  also  made 
for  this  purpose  which  can  be  bolted  to  an  ordinary  tank  wagon. 

Poiuring  cans  resemble  garden  watering  cans  in  appearance. 
The  top  is  usually  partly  covered  to  prevent  the  binder  from  slop- 
ping out,  and  there  is  generally  a  removable  screen  which  intercepts 
anything  Ukely  to  clog  the  nozzle.  The  nozzle  is  a  slot  6  to  10 
indies  long,  which  is  usually  adjustable.  A  skillful  man  can 
apply  bituminous  material  in  this  way  very  imiformly,  but  the 
expense  on  large  work  is  greater  than  with  distributors. 

The  binder  can  be  heated  in  portable  kettles,  usnially  mounted 
on  wheels,  in  distributing  wagons,  oil  heating  pits,  or  in  tank  cars, 
the  method  to  be  followed  dependmg  upon  the  amount  of  material 
to  be  heated. 

The  amount  of  binder  used  is  from  1^  to  If  gallons  per  square 
yard,  depending  upon  the  depth  and  size  of  the  stone.  If  an 
asphalt  binder  is  used  it  must  be  apphed  at  a  temperature  of 
about  SOO^'F.  and  if  tar  at  about  200**  to  226^F.  After  it  is  spread 
it  is  covered  with  small  stone,  usTially  from  about  }  to  f  inches 
in  size;  in  New  York  State  work  stone  of  f  to  li  inches  is  speci- 
fied. In  Massachusetts  good  results  have  been  obtained  in 
some  cases  with  sand.  After  this  dressing  has  been  spread  it  is 
often  gone  over  with  brooms  to  make  certain  that  all  voids  in  the 
surface  are  filled,  and  the  material  unf ormly  distributed,  and  the 
brooming  should  be  finished  with  the  brooms  working  parallel  with 
the  line  of  the  road. 
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After  the  top  course  has  become  firm  under  the  roller,  the 
surface  is  swept  clean  and  the  seal  coat  is  appUed.  This  is  usually 
spread  at  the  rate  of  i  to  f  gallon  per  square  yard,  and  is  covered 
with  i  to  }-inch  stone  chips  or  pea  gravel.  The  road  is  then 
broomed,  using  a  lock  street  broom  for  the  purpose,  and  then 
given  a  thorough  rolling  as  to  consolidate  it  as  much  as  possible 
and  the  broom  can  be  attached  to  the  roller  during  this  final  rolling. 
A  liberal  use  of  both  the  hand  broom  and  the  lock  street  broom, 
or  the  broom  fastened  to  the  roller,  during  the  screening  and 
finishing  of  the  road  will  do  much  to  insure  that  the  dressing 
is  evenly  taken  up  by  the  oil  and  a  smooth  riding  surface  obtained 
that  will  not  start  the  pounding  of  automobiles  and  the  con- 
sequent rippling  of  the  surface. 

In  the  State  highway  work  of  Illinois,  there  are  there  courses 
and  a  seal  coat  in  bitiuninous  macadam  construction.  The  sec- 
ond course  is  1  to  2i-inches  stone,  harrowed,  rolled,  and  treated 
with  1  gallon  of  binder  per  square  yard.  This  is  covered  with  \ 
to  i-inch  screenings,  which  are  broomed  into  the  voids  and  the 
excess  swept  off.  A  second  application  of  binder  is  then  made 
at  the  rate  of  }  gallon  per  square  yard  and  covered  with  torpedo 
gravel  ranging  in  size  from  |-inch  down  to  fine  sand.  Tins  is 
broomed  \mtil  the  voids  are  filled,  when  the  surplus  is  removed. 
Another  application  of  binder  is  made  at  the  rate  of  ^  gallon 
per  square  3rard  and  covered  with  torpedo  gravel  at  the  rate  of 
about  1  cubic  yard  per  200  square  yards  of  road.  The  wheels 
of  the  roller  may  be  wet  to  prevent  them  from  picking  up  the 
binder;  some  engineers  object  to  such  wetting  and  require  the 
wheels  to  be  oiled. 

Where  the  grade  is  steep,  the  Massachusetts  highway  com- 
mission has  recently  tried  the  practice  of  leaving  the  surface 
rather  rough,  so  as  to  afford  a  foothold  for  horses  and  resistance 
to  skidding  for  automobiles. 

BituminouB  Concrete. — ^When  the  stone  and  binder  are  mixed 
together  thoroughly  before  they  are  placed  on  the  road,  it  is  prac- 
ticable to  use  both  small  and  large  stone  and  thus  reduce  the  vol- 
ume of  the  voids  to  be  filled  with  bituminous  binder.  This  mate- 
rial is  placed  on  any  of  the  bottom  courses  used  with  bituminous 
macadam  and  also  on  concrete.  It  is  essential  for  the  bottom 
course  to  be  dry  and  clean  when  the  mixture  is  spread  over  it. 

The  size  of  the  stone  required  by  different  State  highway 
departments  varies  somewhat,  and  some  departments  have  a 
number  of  standard  proportions.  In  Massachusetts  crusher- 
run  trap  from  |^  to  1^  inches  is  specified  for  some  roads,  and  also 
crushed  gravel,  which  wiQ  be  mentioned  later.  In  New  York, 
I  to  l|-inch  stone  ia  used  for  a  course  2  inches  or  less  in  thick- 
ness, and  for  thicker  courses  stone  up  to  2^  inches  in  size  is 
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allowed.  In  both  New  York  and  Maryland  materials  are  per- 
mitted which  will  give  a  finieiied  pavement  with  less  than  10 
per  cent  passing  a  2-me8h  screen,  8  to  22  per  cent  passing  a  4- 
meshy  25  to  55  per  cent  passing  a  lO-meeliy  18  to  30  per  cent 
passing  a  40-medi,  5  to  11  per  cent  passing  a  200-meshy  and  7 
to  11  per  cent  of  bitmnen.  In  Maryland  a  mixture  is  also  used 
containing  two  parts  of  ^  to  iH^ch  stone  and  one  part  of  sand 
with  25  per  cent  passing  a  20-mesh  screen  and  5  per  cent  passing 
80-mefih.  To  this  mixture  is  added  5  per  cent  of  powdered  lime- 
stone or  cement  and  7  to  9  per  cent  of  bitumen.  In  Illinois  the 
proportions  are  left  to  the  engineer,  but  the  piupose  is  to  obtain 
the  equivalent  of  a  thorough  mixture  of  1  cubic  yard  of  grit  sand 
passing  a  f-inch  ring  with  40  to  80  per  cent  passing  a  10-mesh 
sieve,  and  3  cubic  yards  of  |  to  li  inch  stone  with  30  to  80  per 
cent  retained  on  a  1-inch  ring.  Instead  of  the  stone  3  cubic 
yards  of  f  to  1-inch  gravel  with  20  to  70  per  cent  retained  on  a 
f-inch  screen  may  be  used. 

The  amoimt  of  bituminous  binder  on  the  Massachusetts  work 
is  about  20  to  24  gallons  per  cubic  yard  of  stone.  In  New  York, 
for  the  work  with  broken  stone  without  fine  material,  18  gallons 
are  used  per  cubic  yard  of  stone  and  the  purpose  is  to  have  the 
finished  course  contain  from  5  to  7^  per  cent  by  wei^t  of  bitumen. 
On  the  Illinois  work,  from  27  to  30  gallons  of  binder  containing 
95  per  cent  or  more  of  bitumen  is  used  per  cubic  yard  of  stone  or 
gravel,  and  if  the  binder  contains  less  than  95  per  cent  of  bitumen 
the  quantity  must  be  increased  proportionately. 

Although  stone  afnd  tar  binder  have  occasionally  been  mixed 
cold,  as  in  Rhode  Island,  it  is  customary  to  mix  the  stone  and 
bitiuninous  material  hot.  There  is  a  marked  difference  of  opin- 
ion regarding  the  temperature  to  which  the  stone  should  be  heated, 
Massachusetts  requiring  this  to  be  180^F.  or  more  and  Illinois 
300^  to  375^.  A  high  temperature  will  injure  some  binders  and 
not  others,  and  it  is  therefore  important  to  have  the  a^regate 
uniformly  heated  to  the  proper  temperature  for  the  binder  wed, 
the  weather  conditions,  and  the  length  of  haul  from  the  mixing 
plant  to  the  road.  The  binder  is  heated  in  kettles  or  tanks.  The 
temperature  for  asphalt  is  275"^  to  375*"  and  for  tar  200"*  to  275^ 
the  limits  varying  somewhat  with  the  grades  used.  Special  care 
must  be  taken  to  prevent  overheating.  Sometimes  hot  stone  and 
cold  binder  are  mixed.  The  mixing  on  small  work  clan  be  done 
by  hand,  but  is  more  quickly  and  thoroughly  performed  on  large 
work  in  mixers  made  for  the  purpose. 

The  best  equipment  for  any  contract  will  depend  upon  local 
conditions,  among  which  the  transportation  of  the  mixed  mate- 
rial is  an  important  factor.  The  mixture  must  be  delivered 
on  the  site  at  temperatures  of  150^  to  280^  according  to  the 
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binder  used.  The  mAximiini  permissible  drop  between  the  tem- 
peratures of  the  material  at  the  mixer  and  when  it  reaches  the 
road,  freedom  from  segregation  in  the  mixture,  and  the  practi- 
cable speed  of  delivery,  fix  the  maximum  length  of  haul.  If  the 
maximum  length  of  haul  permits  the  use  of  a  central  plant  for 
the  whole  work,  it  is  often  practicable  to  locate  it  at  the  crusher 
plant  and  save  some  labor  charges.  Portable  plants  for  use  along 
the  road  have  been  greatly  improved  in  recent  years  and  are  used 
extensively. 

The  wagons  for  transportii^  the  mixture  should  be  tight,  and 
under  some  weather  and  hauling  conditions  their  contend  should 
be  covered  with  canvas  to  keep  them  from  becoming  chilled.  The 
bodies  of  motor  trucks  are  sometimes  jacketed  or  insulated  for 
the  same  purpose. 

The  mixture  should  be  shoveled  from  the  wt^ons,  or  dumped 
on  wood  or  metal  platforms  from  which  it  can  be  shoveled.  The 
shovels  are  often  heated,  as  are  the  rakes  used  in  spreading  the 
mixture.  It  is  considered  desirable  by  some  engineers  to  pro- 
hibit delivering  hot  mixture  on  the  road  within  one  hour  of 
sunset. 

When  the  edges  of  the  pavement  are  not  protected  by  a  stone 
or  concrete  curb,  the  New  Jersey  highway  department  requires 
the  contractor  to  place  temporary  curbs  of  6  or  8-inch  planks  of 
the  same  thickness  as  the  finished  top  course. 

When  it  is  necessary  to  lay  h&\{  of  the  width  of  a  road  so  as  to 
allow  traffic  on  the  other  haU,  the  base  of  the  first  half  is  allowed 
to  project  about  2  feet  beyond  the  center  line  of  the  roadway, 
llie  top  course  in  such  cases  ends  only  a  few  inches  beyond  the 
center  line,  for  this  will  insure  all  of  it  resting  on  a  fiirm  base, 
^ter  the  second  half  of  the  base  has  been  constructed,  the  inside 
edge  of  the  top  course  already  laid  is  cut  back  vertically  or  nearly 
so  along  a  straight  or  properly  curved  line  so  as  to  obtain  a 
perfect  joint  with  the  second  half  of  this  course. 

After  the  material  has  been  spread,  it  should  be  rolled  imme- 
diately. Sometimes  an  initial  compression  is  given  with  a  3-  to 
6-ton  tandem  roller  and  the  final  compression  with  a  10-ton 
macadam  roller,  but  the  usual  practice  is  to  use  a  7-  to  10-ton 
roller  giving  200  to  300  poundls  per  linear  inch  of  roll.  The 
wheels  may  be  oiled  to  prevent  the  binder  from  sticking  to  them. 
This  rolling  is  continued  until  the  roller  leaves  no  marks  in  pass- 
ing. Any  places  which  can  not  be  reached  by  the  roller  are 
rammed  with  a  hot  iron  tamp. 

The  road  is  often  given  a  seal  coat  at  the  rate  of  }  to  f  gallon 
of  binder  per  square  yard,  which  is  at  once  covered  wit£  pea 
stone  or  grit.  The  binder  is  often  the  same  material  used  in  the 
bituminous  concrete  but  sometimes  it  is  a  more  fluid  grade. 
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Some  engineers  require  it  to  be  applied  with  a  squeegee  distributor. 
The  seal  coat  is  rolled  untU  it  is  ^oroughly  incorporated  with  the 
top  course. 

Mixed  GraveUAsphaU  Roads. — ^The  Massachusetts  highway  com- 
mission has  built  a  number  of  roads  with  mixed  gravel-asphalt 
surfaces  on  gravel  and  broken  stone  bases.  The  surfacing  with  a 
ffravel  base  is  2)  inches  thick  after  rolling.  The  following  notes 
n*om  its  1915  report  describe  the  construction: 

A  road,  18  feet  in  width  with  3-foot  shoulders,  was  built  ever^ni^here, 
the  curves  being  banked  and  widened  to  21  feet.  A  gravel  foundation  was 
put  in  wherever  the  bottom  was  bad,  and  about  4  inches  of  local  crushed 
stone  was  spread  and  well  rolled. 

On  this  was  spread,  as  evenly  as  possible,  about  3  inches  of  a  bitumi- 
nous mixture  made  of  ^avel  that  had  been  run  through  the  crusher  and 
sand  or  stone  dust,  mixed  with  a  heavy  asphaltic  product.  The  gravel 
and  sand  and  the  asphalt  were  thoroughly  heated  ana  were  mixed  in  a  hot 
mixer,  and  then  carted  onto  the  road  and  spread.  The  surface  was  rolled 
down  to  about  2  inches  in  thickness  when  the  mixture  was  sufiBciently  cool 
not  to  crawl  under  the  roller. 

Great  care  is  necessary  to  insure  a  uniform  product,  uniformly  heated, 
mixed  and  spread,  and  that  sufficient  asphalt  is  used  and  no  more  than 
sufficient  to  oind  the  mixture  properly.  The  quantity  of  asphalt  has  to 
vary  somewhat,  according  to  the  amount  of  voids  in  the  mmeral  aggre- 
gate. The  variation  is  usually  from  18  to  22  gallons  of  the  hot  asphalt  to 
the  cubic  yard  of  gravel.  When  the  mixture  is  right  it  has  about  the 
consistency  of  brown  sugar  and  compacts  under  the  roller,  though  when  it 
is  first  spread  and  rolled  it  some  tunes  has  a  few  hair  cracks  which  the 
traffic  soon  irons  out.  The  asphaltic  product  used  in  this  work  has  a  pene- 
tration of  from  80  to  120  with  a  Dow  penetrometer. 

Sand  and  OH  Roads. — ^In  1905  the  Massachusetts  highway 
commission  surfaced  a  road  at  Eastham  by  distributing  hot 
asphaltic  oil  over  the  sand  which  is  practically  the  only  material 
in  the  vicinity,  applying  1^  gallons  to  the  square  yard  in  two 
applications.  The  results  were  so  encouraging  that  more  sand- 
oil  roads  have  been  built  and  the  experience  thus  gained  has 
shown  what  are  the  requirements  for  success.  They  are  now 
bidlt  by  both  the  penetration  or  layer  method  and  by  the  mixing 
method.  They  are  considered  suitable  when  the  traffic  is  mostly 
li^t  teams  and  automobiles  and  will  not  stand  up  if  used  daily 
by  many  heavily  loaded  teams.  The  average  daily  traffic  in  1915 
on  one  successful  layer  road  was  20  heavy  teams,  17  light  teams 
and  253  automobiles.  On  a  mixed  road  it  was  6  heavy  teams, 
23  light  teams  and  505  automobiles;  on  another  mixed  road  21 
heavy  teams,  38  light  teams  and  197  automobiles. 

It  is  desirable  for  success  to  use  a  hard,  strong,  sharp  and  well- 
graded  sand,  such  as  is  abundant  on  Cape  Cod,  where  this  tjrpe 
of  construction  has  been  developed.  Many  sands  are  too  fine, 
too  uniform  in  size,  too  rounded  or  not  strong  enough.  Fair 
results  have  been  obtained  with  some  fine  sands,  however. 
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An  oil  asphalt  of  good  quality  that  will  bind  and  not  lubricate 
must  be  used.  For  the  layer  type,  the  preference  in  Massa- 
chusetts is  for  an  oil  with  a  viscosity  of  150  to  200  seconds  at 
200®C.,  using  a  Lawrence  viscosimeter  or  about  1038  to  1384 
with  100  cc.  at  lOO^C.  in  an  Engler  viscosimeter.  From  1^  to 
2  gallons  per  square  yard  are  used,  in  two  applications,  mih  a 
covering  of  sand  after  application.  In  the  mixed  type,  oil  as- 
phalts having  a  penetration  of  60  to  135  by  the  Dow  penetrometer 
have  been  tried,  but  that  now  used  ordinarily  has  a  peneti'ation 
of  90  to  125.  iVom  16  to  22  gallons  per  cubic  yard  of  sand  have 
been  used;  the  present  average  is  18  gallons.  The  Massachusetts 
commission  advises  testing  each  carload  of  oil  before  using  it. 

In  the  layer  type  of  construction,  the  commission  spreads  clay 
or  loam  over  the  sand  subgrade  to  reduce  the  rutting  of  the  sur- 
face by  wheels  and  pitting  by  horses'  hoofs  when  iiie  oil  cart  passes 
over  it.  The  oil  is  then  spread  evenly  while  hot  with  a  dis- 
tributing cart  and  immediately  covered  with  sand.  This  process 
is  then  repeated. 

In  the  mixed  t3rpe  of  construction  the  sand  and  oil  are  mixed 
hot  to  form  a  mastic  which  is  spread  over  tiie  sandy  subgrade 
and  rolled.  The  subgrade  is  carefully  shaped  and  hardened  as 
LQ  the  case  of  the  penetration  t3rpe.  The  mastic  sheet  is  about 
4  inches  thick  at  the  center  and  3  inches  at  the  edges.  The  best 
results  have  been  obtained  by  keeping  the  road  constantly  shaped 
with  a  road  scraper  during  rolling,  and  a  seal  coat  of  ^  gallon  of 
a  lighter  oil  such  as  is  used  in  layer  work  improves  the  surface 
and  decreases  maintenance  charges.  In  the  early  work  the  sand 
was  heated  on  sheets  of  iron,  but  this  overheated  parts  of  it  and 
underheated  other  parts,  so  that  now  the  heating  is  done  in  rotary 
heaters. 

If  the  traffic  in  the  future  proves  too  heavy  for  these  roads,  the 
commission  believes  they  can  be  greatly  improved  and  strength- 
ened at  a  moderate  cost  by  using  harder  asphalt,  greater  care  in 
grading  the  sand,  and  the  addition  of  cement  and  stone  dust. 
In  this  way  a  sheet  asphalt  pavement  2  inches  thick  can  be  laid 
on  the  old  sand-asphalt  road  as  a  base. 

Asphalt  Blocka  on  Country  Roads 

As  designed  and  manufactured  for  use  on  coimtry  roads,  the 
asphalt  blocks  are  5  inches  wide,  12  inches  long,  and  2  inches  deep, 
weigh  about  eleven  pounds  each,  and  have  a  specific  gravity  of 
about  2.40. 

The  asphalt  block  was  developed  and  perfected  on  the  theory 
that  crushed  trap  rock,  on  account  of  its  preeminent  hardness  and 
inherent  grittiness,  made  the  best  known  material  for  a  roadway 
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surface,  the  one  thing  needed  being  a  cement,  or  binding  material, 
to  keep  all  of  the  particlea  pennaneotly  in  place.  This  was  accom- 
plished by  the  use  of  an  asphaltic  cement  to  bind  together  the  prop- 
etiy  graded  parUcIee  of  crushed  trap,  the  hot  mixture  being  con- 
solidated by  tremendous  pressure  into  blocks  so  dense  and  free  from 
voids  as  to  be  practically  non-absorbent.  In  the  asphalt  block, 
therefore,  we  have  an  asphalttc  concrete,  or  macadam,  mixed,  in 
exact  proportions,  at  a  central  plant,  under  conditions  insur- 
ing absolute  uniformity,  and  receiving  the  compression  neceesary 
to  produce  a  dense  and  non-absorbent  material. 

Not  only  has  a  special  block  been  produced,  but  a  special  method 
of  construction  has  been  worked  out,  designed  to  utilise  what  is 
left  of  the  worn  and  rutted  mat^dam  road  aa  a  f oimdatioa  for  the 
blocks.  This  is  accomplished  by  scarifying  the  surface,  if  necessary, 
filling  up  the  deep  ruts,  rolling  with  a  heavy  steam  roller,  and  lay- 
ing upon  the  surface  of  the  old  macadam,  a  bed  of  cement  mortar 
about  1  inch  in  thickness,  to  serve  the  double  purpose  of  forming 
a  firm  unyielding  bed  for  the  blocks,  and  binding  tbem  securely 
to  the  macadam  foundation  underneath.  By  this  method  the 
material  used  in  the  original  construction  of  the  road  is  not  thrown 
away,  but  used  as  foundation  for  a  permanent  wearing  surface. 
Where  the  old  macadam  is  too  thin,  or  too  badly  worn  to  be  safely 
used  as  a  foundation,  it  will  be  necessary  to  lay  a  concrete  base, 
but  usually  there  is  broken  stone  enough  in  the  old  macadam  to 
supply  what  is  needed  for  laying  concrete. 

A  pavement  may  be  laid  of  any  desired  width,  contour,  grade, 
or  crown.     It  is  perfectly  feasible  to  pave  one-half  of  the  roadway, 
or  only  a  narrow  strip  in  the  center,  and  extend  the  paved  area 
at  a  later  date  as  traffic  necessities  require,  or  as  appropriations 
become  available.    It  is  not  necessary  to  set  curbstones  or  head- 
ing stones  to  border  or  define    the 
paved  area,  since  a  row  of  stretcher 
blocks  held  firmly  in  place  by  a  shoulder 
of   moriiar,  as  shown  in  the  sketch, 
answers    the   piu'pose  perfectly   and 
leaves    the   entire    roadway    surface 
smooth  and  uniform. 
A  good  example  of  this  construc- 
tion is  on  the  Albany  Post  Road,  through  the  villages  of  Hast- 
ings-on-Hudson,  Dobbs  Ferry,  Irvington,  North  Tarrytown,  Town 
of  Mount  Pleasant,  Briarcliff  and  Ossining,  N.  Y.,  on  the  Boston 
Post  Road  in  Pelham  Manor  and  Rye,  N.  Y.,  on  9  miles  of  road- 
way from  Daytona  to  Deland,  Volusia  County,  Florida,  and  on 
Nassau  Street,  Prinoetown,  N.  J.,  a  section  of  ihs  Lincoln  Hifi^way. 


BITUMINOUS  SURFACE  APPLICATIONS* 

Surface  applications  vary  widely  in  character,  according  to 
their  purpose.  In  most  cases  such  an  application  is  essentially  a 
maintenance  measure,  but  in  the  case  of  the  bitmninous  mats  or 
wearing  courses  used  in  California,  or  the  mats  now  laid  on  new 
water-bound  macadam,  the  first  cost  of  such  work  is  essentially 
a  part  of  the  first  cost  of  the  improvement.  The  practice  in 
making  such  smface  applications  of  any  general  type  varies 
widely  in  different  parts  of  the  country,  more  widely  than  the 
practice  in  any  other  branch  of  road  work.  Whether  greater 
uniformity  will  prove  desirable  or  the  work  can  be  done  success- 
fully by  a  wide  variety  of  methods  can  not  be  definitely  deter- 
mined until  the  records  of  such  work  and  of  the  traffic  on  roads 
are  kept  with  more  detail  and  uniformity  than  at  present.  The 
widespread  interest  in  the  subject  was  one  of  the  leading  charac- 
teristics of  highway  affairs  in  1916,  and  was  an  evidence  of  the 
conditions  mentioned. 

Otling  Earth  Roads 

Surface  applications  on  earth  roads  were  made  in  California 
many  years  ago,  and  a  method  of  incorporating  oil  and  earth  by 
a  special  form  of  roller  was  employed  for  some  time.  More 
recently  well  built  earth  roads  in  Iowa  and  Illinois  have  received 
surface  applications  as  a  maintenance  measure.  The  experience 
in  these  states  shows  that  while  some  success  follows  applications 
on  roads  that  are  not  in  good  condition,  it  is  very  desirable  to 
have  the  surface  properly  diaped  and  hard  before  the  oil  is  applied. 
The  oil  binds  the  grains  of  earth  together  ttnd  reduces  the  dust, 
but  it  does  not  give  the  resistance  to  attrition  which  a  hard  sur- 
face affords.  "Hxe  treatment  is  therefore  one  which  must  be 
regarded  as  adapted  only  for  roads  with  light  traffic  and  light 
vehicles.  If  sand  instead  of  earth  is  present,  the  methods  of  con- 
struction first  used  in  Massachusetts  and  described  on  page  402 
should  be  considered. 

If  the  road  has  ruts  and  holes  in  the  surface  and  is  poorly 
drained,  water  will  collect  in  puddles,  soften  the  oiled  crust  at 

i  Revised  by  Qeoice  H.  BUee,  eeoond  deputy  State  highway  eommiafoner  of  Peniuyl- 
vaala.  and  B.  H.  Fiepmeier.  maJntananoe  fflginwir  of  the  niinoii  State  highway  department. 
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these  places,  and  seep  into  the  roadbed.  The  material  under  the 
crust  will  give  way  under  heavy  loads  and  the  money  spent  in 
oiling  will  be  largely  lost,  because  the  oiled  material  will  become 
mixed  with  the  unoiled  material  below  and  dust  will  be  produced 
about  as  freely  as  on  an  unoiled  road.  Furthermore,  uie  oiling 
of  a  mudhole  often  aggravates  troubles  due  to  such  a  defect. 

The  surface  to  receive  the  application  must  be  dry,  or  the  oil 
will  not  penetrate  the  pores,  and  it  must  be  free  from  dust,  for 
the  oil  forms  flakes  or  scales  with  the  dust  and  these  are  a  worse 
nuisance  than  plain  dust,  being  very  irritating  to  the  eyes. 

Both  cold  and  hot  applications  have  been  used  successfully  in 
Iowa,  but  the  State  Highway  Commission  prefers  to  heat  the  oil 
as  it  apparently  gives  enough  better  penetration  to  justify  the 
additional  expense.  It  is  desirable  to  secure  the  advice  of  a 
specialist  in  selecting  the  oil.  A  light  oil  must  be  used  and  as 
it  may  have  a  low  flash  point,  care  should  be  taken  to  keep  it  at 
a  temperature  below  its  flash  point  and  to  prevent  any  of  it 
coming  into  contact  with  a  flame.  The  first  application  is  made 
at  a  rate  of  about  }  gallon  per  square  yard,  and  later  applications 
at  the  rate  of  J  to  |  gallon.  The  brief  experience  in  such  work 
indicates  that  two  light  applications  annually  for  two  years  and 
afterward  a  single  application  annually  will  be  sufficient  on  a 
road  adapted  for  such  treatment  and  not  subject  to  traffic  requir- 
ing a  more  durable  surface.  During  1916  the  Illinois  State  high- 
way department  issued  the  following  advice  on  the  work. 

The  best  results  may  be  secured  during  the  first  application,  by  apply- 
ing either  a  cold  oil  or  at  least  a  very  thin  product  tnat  will  penetrate  the 
surface  of  the  road  several  inches  and  at  the  same  time  contain  as  many 
binding  elements  as  possible  so  as  to  seal  all  pores  in  the  earth,  making  it 
waterproof  and  at  the  same  time  adding  some  binding  qualities  that  may 
assist  the  bond  of  the  soil  itself.  A  suitable  product,  as  is  commonly 
expressed,  may  vary  from  30  to  60  per  cent  in  asphalt. ,  After  the  surface 
of  the  road  has  been  thoroughly  saturated,  a  hot  oil  or  a  slightly  heavier 
product  may  be  used. 

If  the  heavier  oils  are  used  for  the  first  application  they  will  not  readily 
penetrate  the  surface  of  the  road  and  will  consequently  form  a  mat  on 
top.  The  forming  of  the.mat  before  the  surface  of  the  road  is  more  or  less 
waterproof  may  t^  a  serious  fault  as  moisture  will  accumulate  beneath  the 
mat  and  the  road  will  be  much  slower  in  drying  out  than  it  would  had  the 
oil  not  been  applied.  The  mat  surface  with  a  soft  subsoil  will  rut  more 
readily,  besides  breaking  and  scaling  off  in  large  pieces,  making  the  road 
surface  rough  and  undesirable. 

The  Illinois  authorities  recommend  covering  the  oiled  surface 
with  clean,  hard  sand,  at  the  rate  of  a  cubic  yard  to  100  to  150 
square  yards. 
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Broken  Stone  Road  Surfacing 

It  has  been  found  that  a  surface  application  on  a  new  water- 
bound  macadam  road  may  prove  unsatisfactory,  although  if  the 
road  is  exposed  to  traffic  for  three  months  the  desired  results  are 
obtained  if  tiie  treatment  is  properly  carried  out.  Tliis  is  prob- 
ably due  to  the  large  amount  of  fine,  lightly-bound  dust  on  the 
roadway,  which  is  removed  by  the  early  traffic,  or  to  the  greater 
stability  of  the  road  as  a  result  of  its  consolidation  by  traffic. 
In  New  York,  macadam  roads  finished  so  late  in  the  fall  that  they 
can  not  have  three  months  wear  before  winter,  are  given  a  surface 
application  of  calcium  chloride  as  a  temporary  protection  against 
raveling  during  the  months  that  must  elapse  before  bituminous 
surfacing  can  h^  placed. 

In  making  thin  surface  applications  to  an  old  road  that  is  thick 
enough  to  carry  the  prospective  traffic  and  has  a  surface  in  fair 
condition,  the  ruts  and  holes  must  first  be  patched.  Tiiis  is  best 
done  several  dayB  in  advance  of  the  siuiacing.  Each  hole  or 
rut  is  swept  clean,^  painted  with  bituminous  material  and  filled 
with  f  to  1)  inch  stone  and  binder.  The  stone  and  binder  are 
often  mixed  at  a  central  point  and  carted  along  the  road  by  the 
patching  gang,  for  use  where  required.  Just  before  the  surfacing 
is  done,  the  road  is  swept  thoroughly,  often  with  some  type  of 
revolving  broom.  Sometimes  wire  brooms  are  used  first  and  then 
fiber  brooms.  The  oil  is  applied  hot  or  cold  according  to  quality 
at  the  rate  of  about  i  to  f  gallon  per  square  yard,  as  the  engi- 
neer considers  best,  and  then  covered  with  clean  screenings,  granu- 
lated slag  or  gravel  at  the  rate  of  about  60  poxmds  per  square 
3rard.  It  is  advisable  to  secure  the  advice  of  a  specialist  in 
selecting  the  oil.  The  oil  is  applied  by  hand  on  small  work,  but 
usually  with  a  distributor.  If  the  screenings  are  distributed  by 
hand  they  should  be  previously  deposited  in  piles  at  convenient 
intervals  along  the  roadside.  Tliey  are  also  distribute  by 
spreader  carts.  The  length  of  time  tiie  road  should  be  closed  to 
traffic  depends  upon  the  weather,  character  of  the  oil,  and  the 
amount  of  screenings  used,  varying  from  1  to  48  hours. 

If  the  road  oil  rises  through  the  screenings,  or  "bleeds,"  in  hot 
weather,  more  screenings  should  be  spread  over  those  places.  If 
the  road  is  used  mainly  by  automobiles,  a  thin  covering  of  screen- 
ings is  sometimes  spread  first  and  later  a  covering  of  sand  or  other 
fine  material,  to  act  as  a  filler  and  prevent  the  tires  from  dislodging 
the  screenings. 

The  following  rules  for  the  amount  of  bituminous  material  to 
be  used  in  surfacing  broken  stone  roads  were  prepared  by  George 
H.  Biles,  second  deputy  highway  conunissioner  of  Pennsylvania: 

» It  is  desirable  to  cut  the  edses  of  a  hole  so  as  to  secure  vertical  faces 
to  which  the  new  material  will  adhere  properly;  a  patch  with  a  feather  edge 
is  liable  to  be  unsatisfactory. 
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If  the  surface  of  the  road  is  made  up  of  pieces  of  ballast  sise  stone 
(3-inch)  from  which  traffic  has  removed  all  the  fine  material,  leavinff  large 
surface  voids  between  the  stone,  enough  of  the  bituminous  material  must 
be  applied  so  that  it  will  flush  up  level  to  the  top  of  the  lar^^  pieces  of  stone 
and  nrmly  bind  the  chips  and  gravel  which  lie  in  the  crevices  between  the 
stone. 

If,  on  the  other  hand,  the  surface  of  the  road  is  equally  clean,  but  traffic 
has  not  removed  the  fine  particles  between  these  stones  to  the  same  extent, 
and  the  crevices  between  them  are  consequently  smaller,  then  a  somewhat 
smaller  amount  of  bituminous  material  should  be  used,  since  an  excess 
will  again  flow  off  the  road. 

In  treating  a  road  which  has  recently  been  resurfaced,  it  will  be  found 
often  that  even  after  all  the  screenings  and  fine  material  have  been  swept 
from  the  top  of  the  road  leaving  the  lar^  stones  bare,  there  will  still  be  a 
certain  amount  of  dust  and  fine  material  between  the  stones  which  has 
not  yet  been  compacted  thoroughly  by  traffic  and  which  will  absorb  the 
bituminous  material  like  a  blotter,  leavin|(  only  a  brown  stain  in  these 
spaces.  In  such  cases,  the  amount  of  application  must  be  increased  until 
this  fine  material  is  well  saturated  and  there  is  enough  of  the  bituminous 
material  near  the  surface  of  the  road  to  bind  thoroughly  the  covering  of 
chips  or  gravel. 

The  first  application  of  a  bituminous  surfacing  to  a  waterbound 
macadam  road  may  be  disappointing.  The  hoofs  of  horses  are 
liable  to  dislodge  the  mat  and  the  surface  will  have  a  spotted 
appearance.  After  several  applications,  however,  the  macadam 
surface  will  become  protected  everywhere. 

On  the  New  York  State  highways  which  are  thick  enough  to 
carry  the  trafiGic  but  are  too  rough  to  be  treated  satisfactorily  with 
cold  oil  and  screenings,  surfacing  with  two  applications  of  hot 
oil  is  sometimes  done.  After  the  old  road  is  patched  and  cleaned, 
it  is  covered  with  0.4  to  0.6  gallon  of  oil  to  the  square  yard,  over 
which  just  enough  1-inch  stone  is  spread  to  cover  the  surface. 
This  is  rolled  lightly  and  then  covered  with  0.3  to  0.4  gallon  of 
oil  per  yard.  This  is  covered  with  J  inch  stone  in  the  thinnest 
possible  layer,  which  is  rolled  as  soon  as  the  oil  is  cool  enough  to 
permit  it. 

On  the  Illinois  highways,  when  a  double  application  is  made, 
about  i  gallon  per  square  yard  is  used  on  each  application,  and 
the  preferred  covering  is  torpedo  sand,  i  to  f  inch  in  size,  but 
clean,  stone  chips  are  also  employed.  The  total  amount  of  cover- 
ing material  with  such  a  treatment  is  one  cubic  yard  for  each  125 
square  yards  of  road.  When  a  single  application  is  made  i  to 
i  gallon  of  oil  per  square  yard  and  a  cubic  yard  of  torpedo  sand 
for  every  150  square  yards  of  road  are  employed. 

Bitimiinous  sandstone  obtained  in  Kentucl^  has  been  iised  in 
parts  of  that  state  for  re-surfacing  old  macadam.  The  latter  is 
scarified,  smoothed  with  a  road  machine,  and  enough  new  stone 
added  to  give  the  desired  thickness  and  contour.  This  is  rolled 
thoroughly  and  then  covered  with  pulverized  bituminous  sand^ 
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stone  to  a  depth  of  about  If  inches,  loose,  when  spread.  It  is 
desirable  to  allow  the  sun  to  shine  on  the  loose  material  for  a  few 
hours,  until  it  appears  sightly  oily,  and  then  roll  it,  slowly  at 
first  and  later  more  rapidly. 

Concrete  iZood  Surfacing 

While  surface  applications  to  concrete  roads  have  been  em- 
ployed in  a  number  of  states,  there  is  no  agreement  as  to  their 
desirability.  They  have  been  used  to  the  greatest  extent  in 
California,  where  both  thin  wearing  surfaces  and  an  asphaltic 
mixture  are  used.  The  following  information  concerning  both 
types  was  supplied  by  Austin  D.  Fletcher,  State  highway  engineer 
of  California. 

The  thin  bituminous  wearing  surface  is  about  half  an  inch  in  thickness 
when  completed.  After  it  has  been  imder  trafBc  for  a  few  months  it  is 
found  to  contain  a  fairly  uniform  mixture  of  mineral  aggregate  and  bitumi- 
nous binder  consisting  of  about  8  to  11  per  cent  of  bitumen  and  the  balance 
mineral  aggrej^te  of  a  fairly  imiform  grading  running  from  dust  to  rock 
of  }-inch  maxmium  diameter.  It  shows  no  tendency  to  flow  or  creep  and 
the  surface  remains  true  and  free  from  rolling.  The  concrete  base,  how- 
ever, must  be  finished  with  a  true,  smooth  surface  to  make  a  good  riding 
highway  as  this  type  of  surfacing  is  not  thick  enough  to  smooth  up  to  any 
considerable  extent  a  concrete  pavement  whose  surface  is  uneven. 

The  procedure  in  laying  this  thin  wearing  surface  is  as  follows:  First 
the  surface  of  concrete  is  cleaned  of  dirt,  dust  films  and  any  thin  coat  of 
laitance.  This  is  best  accomplished  by  opening  the  bare  concrete  to 
tri^c  for  a  month  or  two.  The  iron  shod  traffic  and  the  rapidly  moving 
rubber  tires  are  of  greatest  help  in  breaking  any  weak  layers  of  dirt  or 
laitance  and  exposing  the  surface  of  the  concrete  proper.  This  "traffic 
cleaning"  is  followed  oy  brushing  with  revolving  street  brooms  and  hand 
brooms.  In  some  cases  flushing  the  surface  with  water  is  a  help  in  wash- 
ing off  any  thin  coat  of  clay.  It  is  of  greatest  importance  that  the  asphaltic 
oil  bind  to  the  solid  concrete  and  not  to  any  overlying  weak  film  of  dirt. 
The  care  taken  in  getting  a  clean  concrete  is  without  doubt  in  a  large 
measure  responsible  for  the  success  of  this  surfacing  because  of  the  strength 
of  the  bond  between  the  concrete  and  the  bituminous  wearing  coat.  The 
few  failures  where  the  wearing  surface  has  been  stripped  from  the  con- 
crete have  been  nearly  alwa^  easy  to  trace  to  a  pavement  improperly 
cleaned  prior  to  the  application  of  the  road  oil. 

After  the  concrete  has  been  cleaned  the  asphaltic  oil  is  applied  by  a 
pressure  distributor  at  the  rate  of  }  gallon  per  square  yard.  This  oil 
surface  is  inunediately  covered  bv  a  layer  of  either  crushed  rock  screenings 
or  fine  gravel  of  i  to  i  inch.  This  material  may  contain  some  fines  and 
dust  but  should  be  fairly  clean. 

The  screenings  are  applied  by  shoveling  from  piles  placed  at  freouent 
intervals  alongside  the  road.  The  shovelers  can  be  taught  to  so  throw 
the  screenings  that  they  will  cover  the  road  surface  with  a  fairly  uniform 
thickness.  The  road  can  now  with  advantage  be  given  a  light  rolling  but 
this  is  not  necessarv.  Any  excess  screenings  should  be  swept  into  piles 
alongside  of  the  road  to  be  used  on  the  second  application  of  road  oil.  This 
is  applied  on  the  second  application  at  the  same  rate  and  is  covered  with 
screenings  as  before. 
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The  road  is  now  thrown  open  to  traffic  and  duringthe  first  two  weeks 
m&Y  require  further  screenings  to  take  up  excess  oil.  The  traffic  is  of  great 
assistance  in  forcing  the  screenings  into  the  oil  and  compacting  and  mak- 
ing a  homogeneous  carpet  on  the  concrete. 

The  oil  IS  applied  to  the  road  at  a  temperature  of  from  250^  to  300^. 
It  contains  approximately  90  per  cent  of  80**  penetration  asphalt.  In 
California  the  road  oil  compames  classify  this  product  as  a  "90-80"  road 
oil. 

In  building  the  thin  bitimiinous  wearing  surface  for  concrete  pavements 
two  physical  properties  of  the  road  oil  are  of  greatest  importance.  First 
the  oil  must  be  of  such  a  viscosity  that  when  applied  to  the  road  it  will 
readily  combine  with  the  screenings  that  are  thrown  upon  its  surface. 
A  very  viscous  oil  will  form  a  hard  surface  and  the  screenings  will  lie 
there  without  being  absorbed  and  to  a  large  extent  be  thrown  off  the  road 
by  the  passing  traffic.  Only  a  small  amount  will  settle  or  be  forced  into 
the  oil  and  the  surface  will  not  build  up  into  a  satisfactory  protecting 
wearing  coat. 

The  second  physical  property  of  great  importance  is  that  the  road  oil 
must  be  cementing  or  adhesive  so  that  it  will  bind  tightly  to  the  concrete 
surface  and  bind  together  all  of  the  fragments  of  stone  screenings.  It 
should  be  an  active  cement  and  if  it  is  not  sticky  then  the  wearing  sur- 
face will  not  be  fijm  enough  to  resist  the  push  and  pull  of  the  passing 
traffic. 

The  State  highway  routes  leading  from  the  great  centers  of  population 
have  required  a  higher  type  of  surfacing  to  meet  successfully  the  demands 
of  heavy  traffic. 

After  proper  curing  of  the  concrete  its  surface  is  cleaned  of  all  dirt  and 
dust  films  and  given  a  paint  binder  coat  composed  of  asphaltic  cement 
and  engine  distillate  of  lightest  ^avity.  The  asphalt  usea  has  a  penetra- 
tion between  80^  and  90^,  the  mix  being  one  part  asphalt  and  one  to  two 
parts  distillate,  the  exact  proportion  of  distillate  being  determined  by 
trial.  The  satisfactory  mixture  is  one  that  paints  the  concrete  with  a  thin, 
uniform,  glossy  black  nlm  which  becomes  hard  two  hours  after  application. 

The  simacmg  used  has  the  following  composition  expressed  in  per- 
centages: 

Bitumen  soluble  in  carbon  disulphide,  7f-10 

Aggregate: 

xaroKNa 

8-13  per  cent. 

14-25  " 

17-29  " 

&-11  " 

15-25  " 

a-10  " 

100  ** 

The  asphaltic  cement  used  has  a  penetration  of  from  70  to  90  degrees, 
District  of  Columbia  standard,  and  passes  the  usual  requirements  for 
solubility,  volatility  and  ductility.  The  heating  of  asphalt,  aggregates 
and  dust  and  mixing  and  laying  follow  the  usual  practice. 

Prior  to  the  laying  of  the  surfacing,  the  testing  laboratory  makes  grad- 
ing tests  of  such  sand,  limestone  dust  and  rock  screenings  as  will  be  avail- 
able for  the  work  and  selects  such  of  these  that  eive  the  desired  mix.  In 
this  selection  the  following  points  are  considerea  important : 

Let  a  be  taken  as  the  percentage  of  asphaltic  cement  that  will  be  used 
in  the  finished  material.  Then  the  dust  passing  the  200-mesh  sieve  should 
at  least  equal  a-1.    The  fine  sand  passmg  the  80  mesh  and  retained  on 


200  sieve 

80   " 

200  sieve 

40   '* 

80   " 

10   " 

40   " 

4   " 

10   " 

2   *' 

4   " 

2   " 
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the  200  should  be  approximatel}r  2a.  If  the  available  sand  is  hi^h  on  the 
finer  sieves  a  may  oe  taken  as  high  as  9.5  per  cent.  If  the  sand  is  coarse, 
a  mav  be  as  low  as  8  per  cent  for  the  trial  mix.  The  coarse  aggregate  pass- 
ing the  No.  2  sieve  and  retained  on  No.  10  should  be  from  28  to  35  per  cent 
of  the  other  mix.  If  these  points  are  satisfied  by  the  available  material 
the  weights  of  coarse  aggregate,  fine  aggregate,  dust  and  asphaltic  cement 
can  be  given  to  the  road  crew  for  a  trial  batch.  Under  field  working  con- 
ditions a  trial  batch  will  show  if  the  mix  is  "wet"  or  ''dry"  and  by  a  slieht 
change  in  the  percentage  of  asphaltic  cement  a  mixture  can  be  made  tnat 
will  rake  and  roll  properly.  In  this  way  the  mineral  aggregate  is  not 
changed  but  kept  under  known  satisfactory  grading.  As  the  work  pro- 
ceeds, grading  tests  should  be  run  at  frequent  intervals  on  the  different 
mineral  aggregates  to  insure  a  uniform  grading  in  the  finished  pavement. 
Analysis  ofsamples  of  the  different  batches  should  also  be  made  to  cheek 
the  uniformity  of  the  mix. 

The  surface  after  thorough  rolling  should  have  a  specific  gravity  in 
excess  of  2.20  if  the  sands  and  crushed  rock  screenings  are  of  average  spe- 
cific gravities.  A  sample  of  the  finished  pavement  taken  each  day  and 
tested  for  specific  gravity  will  indicate  if  there  has  been  insufficient  com- 
pression, either  due  to  method  of  rolling  or  to  the  surface  being  too  cold 
when  rolled. 
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Brick  pavements  have  been  used  on  tbe  streets  of  American 
cities  for  many  years  and  the  United  States  Bureau  of  the  Census 
reports  that  in  1909  they  formed  nearly  24  per  cent  of  the  entire  mile- 
age of  paved  streets  in  158  cities.  Some  of  the  early  brick  pave- 
ments gave  satisfactory  service  for  many  years,  but  others  did 
not.  Hie  unsatisfactory  early  experience  was  due  in  part  to 
the  use  of  unsuitable  materials,  in  part  to  the  improper  recon- 
struction of  pavements  cut  to  permit  laying  pipes,  and  in  part 
to  the  defective  methods  of  construction  employed,  just  as  was 
the  experience  with  other  t3rpes  of  block  pavements.  It  is  not 
possible  to  build  lasting  block  pavements  imless  the  blocks  are 
prevented  from  settling,  which  results  in  holes  in  the  surface, 
or  from  tilting  over  on  their  bottom  side,  called  ''turtling," 
which  results  in  a  rounding  of  the  upper  edges  of  the  blocks, 
called  "cobbling."  These  defects  led  to  better  methods  of 
construction,  so  that  when  bricks  came  into  use  on  country 
highways  success  was  assured  if  mimicipal  experience  was  taken 
as  a  guide.  There  are  always  communities  as  well  as  persons 
unwilling  to  profit  by  the  experience  of  others,  however,  and  con- 
sequently some  brick  roads  have  been  built  of  poor  materials 
and  by  poor  methods  with  the  inevitable  unsatisfactory  results. 
Such  unfortimate  experience  was  imnecessary  then  and  is  im- 
necessary  today;  it  was  largely  due  to  ignorance  of  the  require- 
ments for  good  work,  carelessness,  lack  of  proper  supervision, 
and  a  desire  to  cheapen  the  cost  of  such  roads  bcdow  the  amount 
needed  for  proper  construction. 

Paving  Bricks 

Paving  bricks  are  made  from  a  great  variety  of  shales  and  fire 
clays  and  consequently  bricks  of  equal  worth  vary  considerably 
in  appearance.  Shale  contains  iron  which  makes  shale  bricks 
red  when  burned  under  normal  oxidizing  conditions  and  brown 

^Revised  by  William  W.  Marr,  chief  state  highway  engineer  of  Illinois; 
A.  H.  Hinkle,  deputy  highway  commissioner  of  Ohio;  P.  m.  Tebbs,  engi- 
neer of  construction  of  the  Pennsylvania  State  Highway  Department; 
Will  P.  Blair,  secretary  of  the  National  Association  of  Faying  Brick  Manu- 
facturers:  and  W.  C.  Perkins,  chief  engineer.  R.  T.  Stull.  ceramic  engi- 
neer, ana  F.  A.  Churchill,  of  tne  Dunn  Wire-Cut  Lug  Brick  Cempany. 
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or  nearly  black  when  burned  under  reducing  conditions.  Fire 
clays  have  less  iron  than  shales,  the  iron  being  present  in  a  com- 
bined state,  and  bricks  made  from  them  are  bxiff-colored,  unless 
reducing  conditions  during  burning  darken  them.  Hie  shales 
and  fire  clays  are  often  unsuited  for  making  paying  bricks  as  they 
occur,  and  then  material  from  one  stratum  in  a  pit  must  be 
mixed  with  that  from  another  stratum  or  that  from  one  pit  with 
that  from  another,  and  sometimes  with  sand  or  surface  clay. 

The  raw  materials  are  crushed  and  ground  dry  in  large  revolv- 
ing pans  imder  heavy  rolls,  called  "mullers."  This  material  is 
screened  to  remove  pieces  of  too  large  size,  and  is  then  conveyed 
to  a  pug  mill,  in  which  the  materials  are  mixed  somewhat  as 
concrete  is  mixed  in  a  continuous  concrete  mixer.  Here  enough 
water  is  added  to  convert  the  material  into  a  thick  mud,  which 
is  beaten  by  the  revolving  blades  into  a  condition  of  uniform 
consistency  and  composition.  This  mud  is  fed  continuously 
into  a  brick  machine,  where  it  is  forced  by  an  auger  throu^  a 
die,  whence  it  emerges  as  a  fairly  hard  bar  of  rectangular  section, 
which  is  cut  mechanically  into  bricks.  This  bar  of  hard  clay  may 
be  approximately  4  by  4}  inches  in  section,  in  which  case  it  is 
cut  about  every  9  inches,  forming  "end-cut"  bricks,  or  it  may  be 
approximately  9  by  4^  inches  in  section  and  cut  every  4  inches, 
forming  "side-cut"  bricks.  These  bricks  are  sometimes  sub- 
mitted to  a  reshaping  process  before  drying,  in  which  case  they 
are  called  "re-pressed"  bricks,  and  sometimes  they  are  dried  as 
they  are  finished  by  the  brick  machine,  in  which  case  they  are 
caUed  "wire-cut"  bricks.  For  drying,  the  bricks  are  placed  on 
cars  which  are  nm  very  slowly  throu^  a  long,  tunnel-like  heater, 
into  which  hot  dry  air  is  admitted  continuously.  After  remain- 
ing on  the  cars  in  the  tunnel  about  twenty-four  hours  their 
weight  is  reduced  from  15  to  20  per  cent.  Tlie  bricks  are  then 
ready  for  burning,  one  of  the  most  important  steps  in  the  manu- 
facturing process,  llie  bricks  are  stacked  in  kilns  in  such  a 
way  that  the  heated  air  circulates  freely  aroimd  them,  and  great 
care  must  be  taken  in  the  regulation  of  the  temperature  through- 
out the  entire  burning  process,  from  the  time  the  kiln  is  first 
warmed  until  it  is  cool  enough  to  permit  the  withdrawal  of  the 
bricks. 

In  laying  paving  bricks  a  space  is  left  between  successive  rows 
for  the  material  which  forms  the  joints,  and  as  it  is  very  desir- 
able for  these  joints  to  be  of  a  imiform  width,  one  side  of  a  paving 
brick  has  either  two  or  four  lugs,  which  are  small  projections 
from  the  surface  of  the  bricks.^    These  projections  serve  to  keep 

^  There  are  some  bricks  which  do  not  have  lugs  but  have  raised  letters 
or  four  projections,  one  near  each  comer,  on  one  face.  Raised  letters  are 
not  pennitted  on  bricks  for  Ohio  State  roads. 
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the  adjacent  faces  the  proper  distance  apart  when  the  bricks  are 
forced  into  contact  during  the  paving  operations.  These  pro- 
jections extend  |  to  ^  inch  from  the  side  or  face.  In  one  dass  of 
side-cut  bricks  the  cutting  is  done  by  wires  which  are  moved 
across  the  bar  of  clay  so  as  to  produce  the  lugs  needed  on  one  side 
of  the  brick.  These  are  called  "wire-cut  lug*'  bricks.  In  an- 
other type  of  side-cut  bricks,  2^,  3  and  4  inches  deep,  the  ribs 
are  moulded  on  one  of  the  sides  as  it  comes  through  the  die.  A 
wire-cut  side  is  placed  on  top  in  laying  such  bricks,  which  are 
called  "vertical  fiber"  bricks  in  some  parts  of  the  country.  Other 
types  of  projections  are  made  by  devices  attached  to  the  brick 
machine.  In  the  case  of  repressed  bricks,  the  projections  from 
one  or  both  sides  are  made  in  the  press. 

There  is  no  universal  standard  size  for  bricks  but  the  tendency 
seems  to  be  toward  3^  inches  width,  4  inches  depth  and  8^  inches 
length,  with  a  permissible  variation  of  |  inch  either  way  in  the 
width  and  depth  and  ^  inch  either  way  in  length.  The  depth  is 
occasionally  reduced  as  much  as  an  inch  for  roads  having  light 
traffic,  when  the  monolithic  and  cement-sand  cushion  types  of 
construction,  explained  later,  are  used. 

"Hillside"  bricks  are  made  for  use  on  grades  of  5  per  cent  or 
more.  They  have  one  or  more  grooves  cut  the  fxill  length  of  the 
bricks,  along  their  edges,  in  the  case  of  bricks  to  be  laid  in  the 
usual  manner,  or  two  grooves  cut  transversely  in  the  case  of  bricks 
to  be  laid  parallel  with  the  curb.  These  grooves  are  about }  inch 
deep  and  are  intended  to  prevent  slipping  of  horses  or  automo- 
biles. Briclffl  with  beveled  edges  are  used  for  grades,  notably  on 
the  carriage  ramps  of  the  Pennsylvania  Terminal  in  New  York, 
where  the  travel  is  very  heavy,  and  quite  generally  on  grades  ex- 
ceeding 5  per  cent,  throughout  Ohio. 

Tests  of  Bricks 

The  color  of  the  interior  of  bricks  from  the  same  plant  gives 
an  indication  of  their  quality,  for  generally  the  color  is  darker 
in  the  bricks  burned  with  the  higher  temperatures.  The  color  of 
the  exterior  of  the  bricks  is  a  less  reliable  indication  of  quality, 
and  even  interior  color  is  of  little  or  no  value  in  judging  the  bricks 
from  different  plants.  The  other  features  of  bricks  which  can 
be  determined  by  visual  inspection  are  explained  in  the  follow- 
ing description  of  the  bricks  which  may  be  rejected  under  the 
standard  specifications  of  the  American  Society  for  Testing 
Materials: 
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All  bricks  which  are  broken  in  two  or  chipped  in  such  a  manner  that 
neither  wearing  surface  remains  substantially  mtact,  or  that  the  lower  or 
bearing  surface  is  reduced  in  aiea  by  more  than  one-fifth.^ 

All  bricks  which  are  cracked  in  such  a  degree  as  to  produce  defects  such 
as  are  defined  in  (the  previous  paragraph)  either  from  shocks  received  in 
shipment  and  handling,  or  from  defective  conditions  of  manufacture, 
especially  in  drying,  burning  or  cooling,  unless  such  cracks  are  plainlv 
8ui)erficial  and  not  such  as  to  perceptibly  weaken  the  resistance  of  the  briol 
to  its  condition  of  use. 

All  bricks  which  are  so  oflF-sise,  or  so  misshapen,  bent,  twisted  or  kiln- 
marked,  that  they  will  not  forma  proper  surface  as  defined  by  the  paving 
specifications,  or  alien  with  other  bricks  without  making  joints  other  than 
tnose  permitted  in  the  paving  specifications. 

All  Dricks  which  are  obviou^ly  soft*  and  too  poorly  vitrified  to  endure 
street  wear. 

Formerly  a  number  of  different  laboratory  tests  of  the  properties 
of  paving  bricks  were  required  by  specifications,  but  today  reli- 
ance is  placed  mainly  on  the  rattler  test  to  determine  their  qual^* 
ity.  Its  name  is  derived  from  the  use  of  a  foimdry  rattler,  em- 
ployed in  cleaning  iron  castings,  in  making  the  first  tests  of  this 
kind  on  bricks.  The  rattler  used  today  is  constructed  specially 
for  the  purpose.  It  is  an  iron  and  steel  barrel  of  the  cross-section 
of  a  14-sided  polygon,  about  20  inches  long  and  28  inches  in  diam- 
eter, inside  oimensions,  with  a  shaft  projecting  from  each  end. 
This  barrel  is  mounted  in  a  frame  with  the  shafts  horizontal  and 
can  be  revolved  by  power. 

Ten  dry  bricks  are  weighed  and  placed  within  the  rattler, 
together  with  an  abrasive  charge  consisting  of  10  cast-iron  spheres 
weighing  from  7  to  7}  pounds  each  and  a  sufficient  nmnber  of 
cast-iron  spheres  from  1}  to  1|  inches  in  diameter  and  weighing 
from  0.75  to  0.95  pound  each,  to  make  a  total  charge  of  300 
pounds.  The  rattler  is  then  revolved  1800  times  at  the  rate  of 
20|  revolutions  per  minute.  In  this  way  the  brichs  are  sub- 
jected to  ixmumerable  blows  which  are  considered  to  imitate  the 
conditions  of  service  more  nearly  than  any  other  test  yet  de- 

^  Mr.  Tebbs  makes  this  comment:  "The  area  of  a  standard  brick  is  about 
30  square  inches  and  I  consider  about  one-fifth  or  6  square  inches  a  very 
large  allowance.  I  think  that  a  reduction  of  not  more  than  one-tenth  oi 
the  area  should  be  permitted."  This  comment  is  not  approved  by  Mr. 
Blair  on  the  grounds  that  experience  has  shown  no  ill  effects  from  the  rule 
of  the  Society,  and  to  limit  the  reduction  of  area  to  10  per  cent,  would  in- 
crease materially  the  cost  of  the  bricks. 

*  Mr.  Tebbs  advises  addins  the  words,  "not  uniformly  vitrified,  badly 
laminated."  The  phrasing  of  the  standard  specifications  was  debated  at 
great  len^^th  before  adoption,  and  uniform  vitrification  was  not  adopted 
as  a  requirement  because  no  brick  is  uniformly  vitrified,  strictly  spieak- 
ing.  The  words  "badly  laminated"  are  sometimes  used,  but  objection 
has  been  raised  to  them  as  not  conveying;  to  the  inspector  the  meaning  of 
the^engineer,  which  is  to  reject  bricks  having  laminations  that  are  separate 
one  from  the  other,  sometimes  called  "open"  laminations. 
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vised.  When  the  test  is  finished,  the  bricks  are  taken  out,  all 
pieces  of  them  weighing  less  than  1  pound  are  discarded,  and  the 
remainder  are  weighed.  The  loss  in  weight  during  the  test, 
expressed  as  a  percentage  of  the  original  weight,  is  the  form  in 
which  the  results  are  stated. 

The  percentage  of  permissible  loss  in  the  rattler  test  is  fixed 
at  different  amounts  in  order  to  meet  the  conditions  imposed  by 
differences  in  travel  and  the  experience  of  different  localities  with 
bricks  of  various  grades.  The  American  Society  for  Testing 
Materials  gives  the  fallowing  scales  of  maximum  permissible 
osses  for  different  classes  of  travel: 


CHABACrBB  OT  TRATSL 


Heavy. . 
Medium. 
Light.. 


The  New  York  and  Pennsylvania  State  highway  departments' 
specifications  call  for  the  medium-travel  grade  and  Ohio  and 
Illinois  for  the  heavy-travel  grade.  In  Illinois  the  wire-cut 
lug  bricks  are  given  1  per  cent  higher  permissible  loss  than  the 
repressed  bricl^,  which  must  conform  to  the  tabulated  require- 
ments. In  that  State  there  is  a  minimum  permissible  loss  spec- 
ified, 17  per  cent  for  wire-cut  and  16  per  cent  for  repressed  bricks. 
The  average  permissible  maximum  loss  may  reach  25  per  cent 
for  wire-cut  lug  bricks  if  no  individual  brick  loses  more  than 
28  or  less  than  20  per  cent,  and  may  reach  27  per  cent  if  the 
range  of  loss  of  every  individual  brick  is  between  29  and  23  per 
cent.  With  repressed  bricks,  the  average  loss  may  reach  24 
per  cent,  with  a  range  of  27  to  19  per  cent  for  every  individual 
brick,  and  26  per  cent  with  a  range  of  28  to  22  per  cent.  These 
requirements  put  a  premium  on  uniformity  in  the  bricks,  which 
many  engineers  regard  as  of  importance  in  preventing  imequal 
wear  of  the  surface  of  a  brick  road.  They  hold  that  where  soft 
and  hard  bricks  are  laid  together  indiscriminately,  some  of  the 
bricks  are  worn  away  more  rapidly  than  where  a  pavement  is 
laid  with  bricks  of  a  more  uniform  quality. 

In  New  York  and  Ohio  30  bricks  form  a  lot  for  sampling. 
These  represent  the  hard,  medium  and  light-burned  briclffl  de- 
livered on  the  job,  and  each  grade  is  tested  separately.  During 
testing  there  is  a  large  percentage  of  failures  in  the  abrasion  test, 
parti^y  caused  by  the  selection  of  Ught  and  hard-burned  brick. 
The  laboratory  results  obtained  on  such  bricks  serve  as  a  guide 
in  throwing  out  or  culling  part  of  the  bricks  on  the  job. 


The  John  Kline  Brick  Co. 
BXTCEETB  BLOCK 

WICKUFFB,  OHIO 


THURBER  VITRIFIED 
PAVING  BRICK 

Arfhiir  S.  Goetz 

609  F.  &  M.  Bulk  Building 
Vtrt  Wortlu  Tezai 


JAMBS  B.  HAMMOND 

VITKIFIBD  PAVIN 6  BLOCKS 

OCPBRVIOUS  PACB  BRICK 

High  Grade  SUica  and  Fire  Brick 

HOMB  OFnCB»  BOLIVAR,  PA. 


Wire-Cut-Lug  Paving  Blocks  of  the 
best  quality 

Hy-tex  Face  Brick  of  every  variety  of 
color  and  texture 

Send  for  Qr-tex  Brick  Catalocue 

Hydraulic  Press  Brick  Company 

ST.  Loms 

METROPOLITAN 
PAVING  BRICK  COMPANY 

IfanufaoturerB  of 

"Best  Paving  Brick  Made" 

CAHTON,  OHIO 


Patton  Clay  Manufacturing  Company 

HanufaotuierB  of 
Sewer  Fife,  Paring  Brick,  etc. 

Office  andlWorks: 
Patten,  Cambria  County,  Pa. 


Shawmut  Vitrified  Paving  Brick  Works 

Shawnrat,  Pa.  Alfred  Yataa,  Gen.  Mgr. 

Vitrified  Shale  and  Fire  Clay 

Paving  Bricks  and  Blocka 

Burned  In  Tates* 
Patent  Kiln 


Samples  and  prices 
on  application 


STERLING  BRICK  COMPANY 

Mannfaoturets  of 

Vitrified  Paving  Blocks 

OLXAH,  mw  YORK 


Thornton  Fire  Brick  Company 

GRAFTON  Vitrified  Paving  Blocks. 

High  Grade  Building  and  Rioe  Brick. 

Fire  Brick  and  Ground  Fire  Clay. 

D.  R.  PMter,  Gen.  Mgr.       Clarksborc,  W.  Ya. 


THE   UNITED   BRICK  COMPANY 

Wire  Cut  Lug  Paving  Brick 


Works: 
Cenneant,  Ohio 


General  Office 
Greenalmrg,  Penna. 


THE  HARRIS  BRICK  COMPANY 

Kannfactnrers 

HARRIS  PAVERS 

"Tliat  make  permanent  roads" 

Plant  General  Office 

Zanesrille,  Ohio  Cincinnati,  Ohio 


Southern  Clay  Manufacturing  Co. 

Chattanooga,  Tenn. 

Wlre-<:ut  Log  Paving  Brick 

Plants  at 
Robbins,  Tenn.  Coaldale,  Ala. 

Graves  Mines,  Ala. 


Tuna  Valley  Pressed  Brick  Company 

Paving  Bricks  of  ffigh  Resistance 
to  Abrasion 


W.  M.  Hodges,  Pros. 


Bradford,  Penna. 


Mack  Manufacturing  Company 

Paving  Brick  liakets  for  26  Yeare 

NBW  CUICBBRLAND,  W.  VA. 

S.  G.  GAILLARD,  C.  B.  Bxecntive  Office 

Vnu,  and  Gen.  Mgr.  Wheeling,  W.  Va. 


Copeland-IngUs  Shale  Brick  Company 

High  Grade  Paving  Bride 
610  First  national  Bank  BuUding 

BIRMINGHAM,  ALA. 


The  Burtott-Townsend  Company 

We  have  recently  doubled  our  capacity  to  meet 
the  demand  for  Townsend  Block 

ZAKBSVILLS,  OHIO 
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Some  years  ago  the  crushing  strength  and  specific  gravity  of 
paving  bricks  were  considered  properties  which  should  be  speci- 
fied, but  experience  has  shown  that  it  is  unnecessary  to  do  so. 
Tlie  specific  gravity  of  fire-clay  bricks  averages  between  2.1  and 
2.25  and  that  of  shale  bricks  between  2.2  and  2.4.  The  crushing 
strength  of  good  paving  bricks  ranges  from  10,000  to  20,000 
pounds  per  square  inch,  when  the  test  load  is  applied  over  the 
entire  top  surface  of  the  specimens,  and  may  be  higher  if  only  a 
part  of  the  surface  is  loaded.  This  is  from  five  to  ten  times  the 
probable  maximum  load  on  a  pavement. 

The  capacity  of  a  brick  to  absorb  water  was  formerly  consid- 
ered an  important  indication  of  its  porosity,  and  low  porosity 
was  held  to  be  essential  for  strength  and  good  sanitary  proper- 
ties, which  were  then  considered  as  particular  advantages  of 
brick  pavements.  With  the  improvements  that  have  been  made 
in  the  rattler  test  and  the  increased  knowledge  of  the  slight  in- 
fluence of  a  wide  range  in  porosity  upon  the  sanitary  value  of 
such  pavements,  the  absorption  test  has  lost  much  of  its  former 
favor  among  roadbuilders.  It  affords  useful  information  in 
comparing  bricks  made  under  identical  conditions  and  for  other 
research  work,  and  it  is  still  required  by  a  few  State  highway 
departments.  In  Ohio,  the  bricks  taken  from  a  rattler  after 
testing  in  that  apparatus  must  not  absorb  more  than  3|  per  cent 
of  their  weight  of  water  during  immersion  for  forty-eight  hours. 
In  Pennsylvania,  the  absorption  of  thoroughly  dried  bricks  im- 
mersed in  water  for  twenty-four  hours  must  not  exceed  3J  per 
cent. 

Another  test,  formerly  used  extensively,  probably  because  the 
apparatus  for  making  it  was  available  in  many  schools  and  easily 
obtained,  is  the  transverse  or  cross-breaking  test.  It  is  now 
little  used  outside  of  New  York  and  New  Jersey.  In  the  former 
State  the  test  required  by  the  highway  department  is  to  place 
the  sample  brick  on  edge  on  two  parallel  supports  6  inches  apart 
and  load  it  at  the  center  imtil  it  breaks.  If  the  distance  in 
inches  between  the  supports  is  represented  by  L,  the  load  in 
pounds  which  produces  rupture  by  TT,  and  the  width  and  depth 
in  inches  of  the  brick  by  b  and  d  respectively,  the  modulus  of 
rupture  will  be  3TrL/26<P,  which  must  not  be  less  than  2000 
pounds  in  bricks  for  New  York  state  work. 

Curbs 

Curbs  are  required  along  the  sides  and  ends  of  brick  pave- 
ments laid  on  a  sand  cushion  or  laid  on  natural  soil  and  having 
sand-filled  joints,  in  order  to  hold  the  bricks  at  those  places  and 
also^  with  some  types  of  base,  to  hold  the  material  of  the  base  in 
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place.  Planks  have  been  used,  but  their  short  life  compared  with 
that  of  the  pavement  makes  them  undesirable,  for  nobody  can 
foretell  whether  they  will  be  renewed  as  they  wear  out.  In 
some  places  stone  slabs  can  be  obtained  for  the  purpose  at  prices 
which  enable  them  to  be  used  economically.  Vitrified  curbs  are 
sometimes  used,  but  require  more  carefiil  bedding  than  stone 
curbs,  because  their  shorter  length  and  lighter  weight  render 
them  more  subject  to  displacement.  Concrete  is  most  gener- 
jdly  used  for  curbs.  In  coimtry  highway  work  the  top  of  the 
curb  is  usually  flush  with  the  surface  of  the  pavement.  If  a  con- 
crete base  is  used,  the  curb  is  usually  an  integral  part  of  it,  and 
is  generally  from  6  to  8  inches  wide  on  top.  If  a  concrete  base 
is  not  used,  the  depth  of  the  ciu*b  must  be  governed  mainly  by 
the  character  of  the  subgrade,  the  frost  hazard  and  the  character 
of  the  shoulders.  In  any  case  it  is  desirable  to  have  the  top  2 
inches  of  the  concrete  curb  not  leaner  than  a  1:2:3  mixture, 
finished  with  a  wooden  float,  and  the  outer  surface  should  be 
spaded.  This  spading  is  done  by  placing  a  spade  in  the  form 
against  the  outer  plank  and  roclang  it  back  and  forth  so  as  to 
force  the  coarse  aggregate  of  the  fresh  concrete  away  from  the 
face. 

Where  the  bricks  are  bedded  on  mortar  or  green  concrete, 
most  engineers  believe  that  curbs  are  not  needed.^  If  they  are 
omitted  special  care  must  be  given  to  providing  firm  shoulders 
along  Hxe  marginal  bricks. 

The  Base 

A  brick  pavement  requires  an  absolutely  firm  unyielding  sup- 
port. An  old  macadam  road  thoroughly  imderdrained  and  se- 
cure against  settlement  or  upheaval  ,is  considered  a  satisfactory 
support  by  some  engineers.  But  it  is  rarely  possible  to  find  such 
a  road,  for  usually  the  drainage  is  defective,  the  crossHsection  has 
too  much  crown,  or  the  grades  are  wrong.  It  is  then  necessary 
to  disturb  the  hard  crust  of  the  road  and  this  is  very  likely  to 
reduce  materially  its  value  as  a  foimdation.  In  some  parts  of 
Florida,  where  frost  is  not  to  be  feared,  if  the  sand  which  pre- 
vails is  held  in  place  by  curbs  or  planks  and  thoroughly  rolled 
while  damp,  it  makes  a  hard,  unyielding  support  not  subject  to 
disturbance  if  good  drainage  is  assured.  On  the  other  hand,  the 
black  SOU  of  the  prairie  States,  which  absorbs  water  freely  and 

^  Mr.  Marr  states:  "Experience  in  Illinois  demonstrates  beyond  ques- 
tion that  curbs  are  not  needed  under  such  conditions.  We  have  had  sev- 
eral instances  where  the  edges  of  the  bricks  were  exposed  at  intersections 
to  a  grinding  action  of  wheels  striking  them  at  acute  angles,  and  there 
seems  to  be  absolutely  no  danger  of  the  bricks  being  loosened  at  the  edges 
under  any  conditions  obtaining  in  ordinary  senrice.^' 
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parts  with  it  dowly,  is  an  uBBtable  material  and  a  strong  con- 
crete foundation  must  be  provided  for  brick  roads  built  over  it, 
so  that  any  diJfferenoes  in  the  supporting  capacity  of  the  subgrade, 
from  one  season  to  another  or  between  adjoining  places  in  the 
road,  are  equalized  by  the  concrete  slab  and  do  not  cause  waves 
in  the  brick  surface. 

The  methods  of  constructing  the  road  bed  and  preparing  the 
subgrade  are  explained  in  the  chapter  on  earth  roads.  It  is 
necessary  to  have  a  unifonnly  firm  subgrade,  and  if  there  are 
heavy  cuts  and  fills  the  grading  must  be  done  carefully.  It  is 
desirable  to  allow  the  subgrade  to  go  through  one  winter  before 
putting  down  the  pavement,  although  this  is  rarely  practicable 
under  the  usual  working  conditions.  The  drainage  is  particularly 
important,  on  account  of  the  difficulty  of  improving  it,  if  defec- 
tive, after  the  pavement  is  laid. 

If  the  subgrade  is  firm  and  well  drained,  a  6  to  8-inch  base  of 
good  gravel,  broken  stone,  vitrified  clay^  or  slag,  thoroughly 
consoUdated  by  rolling,  may  prove  sufficient  for  moderate  traffic. 
Such  a  base  should  be  built  in  two  coiurses  with  all  the  care  given 
to  the  best  macadam  construction.  In  some  cases,  secojid  qual- 
ity paving  bricks  have  been  used  for  a  base.  The  subgrade  is 
covered  with  enough  sand  to  give  a  depth  of  2  inches  after  roll- 
ing with  a  hand  roller.  The  No.  2  bricks  are  laid  flat  on  this 
ciushion,  parallel  with  the  curb,  and  the  joints  are  filled  with  fine 
sand. 

The  best  base  for  general  use  is  concrete.  A  few  years  ago 
there  was  a  general  opinion  that  it  should  be  6  inches  thick,  but 
4-inch  bases  on  well-built  subgrades  are  giving  satisfaction  where 
frost  action  is  not  serious,  and  a  thickness  of  only  3  inches  or  less 
is  under  consideration  by  some  engineers.  If  a  secure  subgrade 
is  provided,  the  best  thickness  is  in  part  determined  by  the  cost 
of  the  concrete.  A  1 :  3^  :  6  mixture  with  ordinary  materials, 
laid  to  form  a  5-inch  base,  may  be  less  expensive  than  a  1: 2^:  5 
mixture  of  better  materiaJs  laid  to  form  a  4-inch  base.  If  gravel 
is  used  as  the  aggregate,  it  is  generally  economical  to  screen  it  and 
then  recombine  it,  if  good  concrete  is  desired.  If  good  concrete 
is  not  desired,  it  will  be  better  to  leave  out  the  cement  entirely 
and  use  the  money  thus  saved  in  putting  down  a  good  base  of  the 

^  Mr.  Hinkle  advises  eliminating  navel  and  vitrified  olav  as  materials 
for  a  base  for  this  reason:  ''While  fair  foundations  may  be  made  from 
these  materials,  it  so  frequently  happens  that  poor  foundations  result 
from  the  use  of  these  materials  that  I  think  it  well  to  omit  referring  to 
them  here  and  hence  not  encourage  their  use  any  more  than  necessary." 
Mr.  Blair  believes  that  the  long  experience  with  gravel  foundations  in 
places  like  South  Bend,  Ind.,  warrants  their  use. 
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macadam  t3rpe.^  The  thumer  the  base,  the  better  the  oonorete 
should  be.  A  4-mch  base  of  poorly  graded,  dirty  aggr^ate  and 
a  pmch  of  cement  is  an  invitation  to  early  failure.  One  common 
defect  is  insufficient  mixing.  This  should  be  done  in  a  batch 
mixer  which  should  be  run  between  15  and  20  revolutions  per 
minute,  and  after  all  the  materials  are  in  the  mixer,  the  process 
should  be  continued  imtil  the  mixer  has  made  at  least  15  revo- 
lutions. The  surface  of  the  concrete  should  be  struck  ofif  by 
means  of  a  transverse  templet,  drawn  along  the  side  forms,  and 
be  kept  well  wet  for  at  least  three'  dasrs.  No  traffic  should  be 
permitted  on  the  base  for  at  least  seven  days  after  it  is  laid.  On 
the  Illinois  state  highwasrs,  if  there  are  deviations  exceeding  i 
inch  from  the  desired  shape  of  the  surface,  they  must  be  repaired 
if  a  sand-cement  cushion,  described  later,  is  to  be  employed. 

TJie  Cushion  or  Bedding  of  the  Bricks 

One  of  the  causes  which  contributed  to  limit  the  serviceabilitv 
of  some  early  brick  pavements  was  the  imperfect  way  in  whicm 
the  bricks  were  supported  on  the  base.  The  latter  was  covered 
with  loose  sand  of  inferior  quality  for  its  pur^se,  smoothed  off 
rou^y  without  being  consolidated,  and  the  bricks  laid  on  it  and 
driven  to  a  b^a*ing  with  a  paver's  tamper.  The  joints  were 
then  filled  with  sand  and  the  roadway  thrown  open  to  travel. 
The  surface  was  not  smooth  at  the  outset,  traffic  on  it  soon  forced 
some  bricks  down  more  than  others,  and  water  percolating  in 
cold  weather  through  the  joints  into  tiie  sand  cushion  alternately 
froze  and  thawed,  throwing  the  bricks  into  irregular  positions. 
Under  such  conditions  the  edges  of  the  bricks  became  chipped, 
and  finally  many  of  the  bricks  became  broken  and  dislodged, 
leaving  holes  in  the  roadway.  The  lesson  of  this  experience  was 
so  clear  that  for  a  number  of  years  the  importance  of  bedding 
the  brick  securely  has  been  generally  recognized.  Today  there 
are  three  methods  of  doing  tUs,  termed  the  sand  cushion,  sand- 
cement  or  dry  mortar  bed  and  monolithic  or  green  concrete  bed 
types.  The  purpose  of  each  is  to  support  the  bricks  securely  at 
the  proper  elevation  to  give  the  pavement  a  smooth  surface. 

SandrCushion  Type. — ^A  sand  cushion  is  primarily  intended  to 
smooth  out  the  inequalities  in  the  top  of  the  base,  which  were 
formerly  greater  than  good  practice  now  permits,  to  provide  for 
the  slight  variations  in  the  depth  of  the  bricks.    Experience 

^  Mr.  Tebbs  advises  the  use  of  concrete  exclusively  as  a  base  for  brick 
pavements.  Mr.  Blair  holds  that  experience  at  Cleveland,  Terre  ELauta 
and  other  places  shows  that  under  proper  conditions  a  base  of  other  ma- 
terial will  prove  satisfactory. 

'  Mr.  Hmkle  advocates  at  least  five  days. 
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shows  that  the  sand  must  be  free  from  large  stones,  which  pre- 
vent satisfactory  consolidation  of  the  cushion,  and  some  engi- 
neers hold  that  it  must  also  be  free  from  loam,  clay  and  materials 
of  a  greasy  nature  when  wet.^  Granulated  slag  is  sometimes 
used  instead  of  natural  sand  and  is  believed  by  some  engineers  to 
be  superior  to  ordinary  sand.  Dry  sand  must  be  used,  accord- 
ing to  some  engineers,  on  the  ground  that  wet  sand  shrinks  in 
drying  and  cannot  be  relied  upon  to  support  the  bricks  at  the 
desired  elevation.  Other  engineers  believe  that  somewhat  damp 
sand  is  more  easily  handled  and  gives  as  good  results.  The 
thickness  of  this  bed  in  the  case  of  city  streets  has  usually  been 
2  inches  of  late,  but  where  a  concrete  base  is  used  for  a  coxmtry 
highway  and  is  finished  so  that  no  part  deviates  more  thim  \ 
inch  from  the  true  surface,  a  thickness  of  1}  inches  is  enough. 
On  narrow  roads  where  the  concrete  base  is  easily  finished  to  the 
escact  cross-section  of  the  road,  1  inch  is  probably  enough.' 

The  dry  sand  is  cast  over  the  base  to  a  slightly  greater  deptii 
than  the  proposed  thickness  of  the  cushion.  The  eictra  depth  is 
usuaUy  about  )  inch  where  a  2-inch  cushion  is  desired.  A  plank 
templet,  which  is  often  provided  with  a  steel  edge,  is  then  drawn 
over  it  to  smooth  it  down  to  the  prescribed  crossH3ection.  If  the 
roadway  is  less  than  about  25  feet  wide,  this  templet  is  supported 
at  the  ends  by  the  curbs.  If  the  roadway  is  wider  than  26  feet, 
the  templet  is  long  enough  to  reach  from  one  curb  to  a  longitu- 
dinal plank  support  at  the  center  of  the  road.  The  sand  is  con- 
solidated and  brought  down  to  grade  by  rolling  it  by  hand,  using 
a  roller  weighing  300  to  400  pounds.  After  rolling  the  surface 
is  tested  wiQi  the  templet,  the  high  spots  reduced  and  tiiie  low 
places  filled,  and  the  rolling  reputed.  This  process  is  repeated 
until  a  uniform  surface  at  the  desired  elevation  is  obtained.  The 
extra  elevation  of  the  templet  in  the  first  stage  of  the  work  is 

^Mr.  Tebbs  makes  the  foUowiog  comments:  "PennBylvania  specifiea- 
tions  allow  15  per  cent  of  loam  andl  advocate  the  use  of  a  sand  contain- 
ins  loam,  because  it  helps  to  bind  it,  thereby  avoiding  the  shifting  about 
which  often  occurs  with  clean  dry  sand.  It  has  been  proved  that  dry  sand 
occupies  less  space  than  wet  sand.  Dry  sand  cannot  alwavs  be  obtained 
without  considerable  exjiense,  and  I  therefore  think  it  aavisable  to  use 
reasonably  dry  sand  without  requiring  that  it  be  dried,  and  as  thin  a 
cushion  as  it  is  practicable  to  use.  The  cushion  should  be  1  inch  or  less. 
This  decrease  in  the  depth  of  the  cushion  minimizes  the  shrinkage  due  to 
the  drying  of  sand  which  was  moist  when  placed." 

'Mr.  Marr  states:  "It  has  been  well  demonstrated  that  the  thinner 
the  sand  cushion  between  the  rigid  base  and  the  brick  wearing  surface, 
the  better,  and  its  only  function  is  to  assure  a  smooth  surface  on  the  pave- 
ment. The  use  of  the  plain  sand  cushion  is  growing  less  every  year  and 
seems  to  have  its  greatest  advantage  in  street  paving  where  numerous 
subsequent  openings  may  be  expected  and  it  is  necessary  to  use  a  soft 
filler.'' 
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obtained  by  laying  strips  of  wood  of  the  requisite  thicknesfl  on 
top  of  the  curbs  or  other  supports  of  the  templet. 

If  a  road  carries  only  light  vehicles,  a  well  consolidated  sand 
cushion  is  a  satisfactory  support  for  the  bricks.  Heavy  vehicleSi 
whether  drawn  by  horses  or  self-propelled,  are  believed  to  jar  the 
road  although  ddinite  tests  with  a  seismograph  or  a  similar  in- 
stnunent  are  needed  to  determine  the  correctness  of  this  opinion. 
It  is  certain,  however,  that  if  the  roadway  contains  a  railway 
track  the  whole  structure  will  be  jarred  by  the  cars  traveling  along 
it.  The  sand  cushion  is  not  considered  by  many  engineers  to 
be  a  satisfactory  support  for  bricks  likely  to  be  jarred,  on  account 
of  the  possibility  that  the  repeated  minute  vibrations  in  it  may 
cause  parts  of  it  to  shift  their  position.  This  apprehension  hM 
led  to  the  use  of  the  sand-cement  bed. 

Sand<;emerU  CuakUm  Type. — ^The  cushion  consists  of  a  dry 
mixture  of  one  part  of  cement  with  three  to  five  parts  of  mortar 
sand.  These  materials  must  be  thoroughly  mixed  dry.  If  the 
cushion  is  to  be  1  inch  thick,  as  in  Pennsylvania  state  work,  the 
mixture  contains  less  cement  than  if  it  is  to  be  f  inch  thick  as 
in  the  Illinois  State  work.  The  loose  material  is  given  about } 
inch  greater  depth  than  the  desired  thickness  of  the  finished  bed. 
The  mortar  is  spread  and  shaped  like  a  sand  cushion.  In  Illi- 
nois, where  the  sand-cement  bed  has  been  used  extensively,  the 
shaping  of  the  bed  for  the  brick  is  considered  of  prime  importance 
and  the  State  highway  department  requires  the  contractor  to 
employ  skilled  men  for  this  part  of  the  work. 

There  is  a  dijGference  of  opinion  as  to  the  best  method  of  moist- 
ening the  sand-cement  bed  to  convert  it  into  mortar.  Some 
engineers  hold  that  the  bricks  should  be  laid  on  the  dry  bed  and 
roUed,  and  then  the  pavement  should  be  sprinkled  sufiiciently 
to  allow  water  to  pass  down  the  joints  into  the  bed.  This 
wetting  down  should  be  done  as  soon  as  the  bricks  have  been 
rolled.  The  Pennsylvania  highway  department  reqtiires  the 
mortar  bed  to  be  sprinkled  lightly  just  before  the  bricloB  are  laid. 
In  any  case,  the  mortar  bed  should  not  be  laid  so  far  in  advance 
that  any  of  it  will  remain  exposed  over  night,  and  if  any  of  it  be- 
comes wet  and  the  cement  sets  it  must  be  replaced  by  dry  material. 

Monolithic  Type,* — ^The  monolithic  or  green  concrete  bed  is  not 
actually  a  cusluon,  for  the  bricks  are  laid  on  the  frc^  concrete 
base  as  soon  as  it  has  been  finished.  In  this  type  of  work  steel 
side  forms  for  the  base  are  generally  specified  and  curbs  are  omit- 

*  A  monolithic  brick  pavement  was  laid  about  1904  in  Terre  Haute,  Ind., 
on  the  recommendation  of  Street  Commissioner  Varrebnan  of  St.  Louis. 
It  was  on  a  railroad  teaming  ^ard  and  a  private  street  to  the  warehouse  of 
HuUmann  &  Company.  This  is  probably  one  of  the  earliest  uses  of  the 
type  in  this  country. 
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ted.    The  steel  forms  are  considered  necessary  as  supports  for  the 
heavy  steel  templet  which  is  used. 

The  concrete  is  placed  in  successive  batches  for  the  entire 
width  of  the  pavement  in  a  continuous  operation.  This  concrete 
as  placed  has  a  slightly  greater  depth  than  the  finished  thickness 
of  the  base,  and  the  workmen  are  guided  in  placing  it  l^  a  light 
wood  templet  which  rests  on  the  side  forms  when  in  use.  When 
it  has  been  brought  to  a  smooth  surface  of  the  desired  shape,  it 
is  finished  with  a  steel  templet.  This  consists  of  a  6-inch  steel 
I-beam  m  front  and  a  6-inch  steel  channel  at  the  rear,  held  2 
feet  apart  by  a  metal  frame  at  each  end.  Each  frame  has  two 
rollers  3  feet  or  more  apart.  These  rollers  rest  on  the  side  forms 
and  permit  the  templet  to  be  moved  ahead  easily  and  without 
jerks.  Both  beams  are  bent  to  the  desired  crown  of  the  pave- 
ment. The  lower  flange  of  the  I-beam  is  |  to  ^  inch  lower  than 
that  of  the  channel.  The  space  betweea  the  two  beams  is  kept 
fiUed  with  dry  1 : 3  mortar,  thoroughly  mixed.  As  the  templet  is 
moved  along,  the  I-beam  shapes  the  fresh  concrete  accxuately, 
and  the  ch^mel  leaves  a  thin,  compacted  bed  of  mortar  on  its 
surface,  so  that  the  bricks  have  a  support  which  is  true  to  grade 
in  every  respect.  Experience  shows  that  particular  care  must  be 
taken  in  this  type  of  construction  to  use  concrete  which  will  not 
flow  but  will  quake.  If  it  flows  it  will  not  support  the  bricks 
and  if  it  does  not  quake  it  will  be  deficient  in  strength.  The 
bricklaying  should  follow  closely  behind  the  templet  before  the 
concrete  takes  its  initial  set,  and  the  workmen  are  required  to 
move  with  special  care  over  the  bricks  just  laid.  Some  engineers 
require  boards  to  be  laid  for  the  workmen  to  walk  and  stand  on. 

Delivering  and  Laying  Bricks 

In  case  the  bricks  are  not  tested  at  the  plant,  each  carload 
must  be  sampled  as  it  is  delivered  and  the  lot  should  not  be 
allowed  on  the  road  until  the  samples  have  been  tested  and  ap- 
proved. If  this  is  not  done,  imperfect  bricks  are  likely  to  find 
their  way  into  the  road,  and  the  work  of  roadside  inspection  is 
made  needlessly  expensive  and  prolonged.^ 

^  Mr.  Hinkle  calls  attention  to  the  following  paraKraphs  in  the  Bi>eci- 
fications  of  the  Ohio  State  highway  department:  ''If  all  the  bricks  in  a 
shipment  or  in  several  shipments  of  the  same  make  and  kind  of  bricks 
appear  to  be  uniform  in  quality  two  samples  of  12  each  may  suffice.  If 
in  a  shipment  there  appears  to  bie  different  classes  of  bricks,  such  as  bricks 
that  appear  to  be  more  or  less  burned  than  others,  a  representative  lot 
of  12  bricks  is  to  be  secured  for  each  class  of  bricks,  exclusive  of  the  culls. 
The  approximate  number  of  each  class  sampled  should  be  given  on  the 
notification  card  acccHnpanying  the  samples.  Unless  otherwise  ordered 
by  the  Engineer,  at  least  one  lot  of  samples  should  be  taken  for  every 
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Bricks  are  liable  to  oonsiderable  injury  if  handled  roughly, 
and  to  prevent  such  injury  to  them  after  their  acceptance  by 
test  many  engineers  specify  the  manner  in  which  they  shall  be 
handled.  The  requirements  of  the  Illinois  highway  department 
are  as  follows: 

Before  the  fine  grading  is  finished,  the  bricks  shall  be  hauled  and  neatly 
piled  without  the  edging  line  in  sufficient  quantities  to  complete  the  brick 
surface.  Clamps  and  conveyors  may  be  used  in  connection  with  the 
work  but  the  bricks  shall  not  be  dumped  from  industrial  cars  or  vehicles, 
nor  shall  they  be  thrown  to  piles  or  to  industrial  cars  or  to  vehicles.  The 
bricks  shall  not  be  piled  in  any  place  where  they  will  be  likely  to  be  be- 
splattered  or  covered  with  mud  or  otherwise  injured.  In  delivering  Uie 
bricks  from  the  piles  for  placement  in  the  pavement,  no  wheeling  in  bar- 
rows will  be  allowed  dtx  the  brick  surface,  but  they  shall  be  carried  on 
pallets.  Thev  shall  be  placed  upon  the  pallets  so  that  when  delivered  to 
the  dropper  they  will  lie  in  such  order  that  each  brick  in  the  regular  oper- 
ation of  placing  it  ui>on  the  foundation  as  prepared,  will  bring  the  lugs  in 
the  same  direction  with  the  best  side  uppermost. 

The  bricks  are  laid  with  the  best  side  up  and  the  projections 
for  spacing  all  in  the  same  direction;  in  highway  work  they  are 
laid  m  rows  or  courses  at  right  angles  to  the  curb.  Altmiate 
rows  commence  with  a  half  brick  at  the  curb  and  the  joints  in  a 
row  must  be  at  least  3  inches  from  those  in  the  row  last  laid. 
When  the  row  reaches  tiie  curb  towards  which  it  is  laid  it  must  be 
completed  with  a  bat  at  least  3  inches  long.  The  fractured  end 
of  a  broken  brick  must  be  toward  the  center  of  the  road.  Brick 
layers  generally  carry  three  or  four  rows  across  the  roadway 
simultimeously,  as  this  enables  them  to  save  considerable  walk- 
ing. The  bricks  are  laid  from  the  bricks  already  in  place,  and 
no  walking  is  permitted  on  the  cushion  or  dry  mortar  bed.  In 
ordor  to  keep  the  cross  joints  of  uniform  width,  after  about  six 
or  eight  rows  have  been  laid,  a  4  x  4-inch  timber  3  feet  long  is 
moved  along  the  face  of  the  last  row  and  tapped  lightly  with  a 
sledge. 

After  the  bricks  are  laid  the  surface  is  swept  clean  and  inspected. 
The  soft  bricks  are  replaced  by  good  ones;  they  are  detected  by 

100,000  bricks,  care  being  taken  to  secure  bricks  from  different  parts  of 
the  ears  or  piles  so  that  the  samples  submitted  will  be  representative  of 
the  bricks  to  be  used.  If  at  any  time  a  shipment  of  bricks  is  received  in 
which  the  quality  of  the  bricks  does  not  appear  equal  to  that  of  the  sam- 
ples previously  submitted,  additional  samples  should  be  immediately 
sent  to  the  testing  laboratory.  A  sufficient  number  of  samples  in  evei^ 
ease  should  be  taken  to  insure  the  use  of  bricks  of  proper  qualitv,  but  it 
should  be  borne  in  mind  that  the  charges  for  transportation  are  high  and 
onlv  a  sufficient  number  of  samples  should  be  submitted  for  test,  which 
will  pennit  of  proper  control  of  the  quality  of  bricks  used." 
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Thousanda  of  Bricks  Required  to  Pave  a  Mile  of  Road  of  Different 
Widths  with  Different  Numbers  of  Bricks  per  Square  Yard 
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WIDTH  OF  tTBBXT 

•QUABS 

TABD 

8 

10 

13 

15 

18 

20 

23 

33 

174.2 

193.6 

232.3 

290.4 

348.5 

387.2 

425.9 

34 

179.5 

199.5 

239.4 

299.2 

359.0 

398.9 

438.8 

35 

184.8 

205.3 

246.4 

308.0 

369.6 

410.7 

451.7 

36 

190.0 

211.2 

253.4 

316.8 

380.1 

422.4 

464.7 

37 

195.3 

217.1 

260.5 

325.6 

390.7 

434.2 

476.9 

38 

200.6 

222.9 

267.5 

334.4 

401.3 

445.9 

490.5 

39 

205.9 

228.8 

274.6 

343.2 

411.7 

457.6 

503.4 

40 

211.2 

234.7 

281.6 

352.0 

422.4 

469.4 

516.3 

41 

216.5 

240.5 

288.6 

360.8 

432.9 

481.1 

529.2 

42 

221.8 

246.4 

295.7 

369.6 

443.5 

492.8 

542.1 

43 

227.1 

252.3 

302.7 

378.4 

454.1 

504.6 

555.0 

44 

232.3 

258.1 

309.8 

387.2 

464.6 

516.3 

567.9 

45 

237.6 

264.0 

316.8 

396.0 

475.2 

528.0 

580.8 

46 

242.9 

269.9 

323.8 

404.8 

485.8 

539.8 

693.7 

dampening  the  surface  of  the  road  for  they  absorb  moisture 
more  quickly  than  the  others.  Bricks  which  are  badly  broken^ 
spawled  or  misshaped  are  turned  over  or  replaced  by  good  ones, 
but  slight  chipping  of  the  comers  is  not  considered  serious.^ 
The  surface  is  then  rolled,  for  which  purpose  a  tandem  self-pro- 
pelled roller  weighing  2|  to  4  tons  is  employed  where  a  sand 
cushion  is  used  and  a  hand  roller  about  2jt  feet  long  and  2i  feet 
in  diameter,  weighing  about  600  pounds,  is  preferred  for  mono- 
lithic pavements.  The  rolling  should  begin  at  one  side  of  tike 
road  and  proceed  back  and  forth  on  lines  slightly  inclined  toward 
the  center  of  the  roadway.  When  the  center  is  reached  the  roller 
shotdd  be  used  on  the  other  side  of  the  road  in  the  same  way. 
Parts  of  the  pavement  which  cannot  be  reached  by  the  roller 
are  rammed  with  a  paver's  tamper  weighing  about  50  poxmds, 
tiie  blows  being  struck  on  a  2-inch  plank  10  to  12  inches  wide 
and  at  least  6  feet  long. 

After  the  roUing,  the  pavement  is  again  inspected  and  any 
bricks  which  have  been  broken  or  seriously  injured  are  replaced. 
The  joints  are  examined,  and  if  the  sand-cushion  has  been  forced 
up  into  them  more  than  i  inch  in  the  sand-cushion  t3rpe,  the 
bricks  are  lifted  out,  the  cushion  reshaped,  and  the  bricks  relaid. 
This  inspection  of  the  joints  is  only  necessary  where  a  sand  cushion 
is  used. 

>>  Mr.  Hinkle  conaidera  that  it  is  very  desirable  for  all  defeotive  bricks 
to  be  culled  out  before  the  bricks  are  laid  in  the  pavement.  This  will  not 
only  save  the  expense  of  replacing  the  defective  bricks  with  good  ones, 
but  wUl  avoid  disturbing  the  cushion.  This  is  more  important  with  the 
monolithic  than  with  other  types  of  pavement. 
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FHiinff  Joirtia 

Joints  between  the  bricka  are  filled  with  Band,  cement  grout 
or  bituminous  material.  Sand  is  objectionable  because  it  gives 
Ter7  little  support  to  the  bricks,  allows  their  edges  to  bemme 
chipped,  and  permits  water  to  percolate  down  into  the  cushion. 
It  IS  no  longer  employed  except  for  roads  for  light  travel,  where 
the  saying  in  first  cost  is  considered  more  imp(»iant  than  the 
probability  that  maintenance  expenses  will  become  high  at  an 
early  date. 

Groui  FiUere. — ^The  grout  filler  is  strongly  advocated  by  many 
engineers  on  the  groimd  that  it  holds  the  bricks  fiiTnly  and  does 
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not  wear  away  more  rapidly  than  the  vitrified  clay.  This  claim 
rests  upon  the  assumption  that  good  grouting  is  done,  for  poor 
joints  of  this  type  are  chipped  out  by  horses'  shoes  and  thus  al- 
low the  edges  of  the  bricks  to  become  broken.  If  the  grouting 
is  properly  done  this  will  not  happen.^    It  is  extremely  im- 

^Mr.  Marr  states:  "The  oement-grouted  imvemeQt  seema  to  be  th« 
moat  aatiafaotoiy  for  country  highways,  and  this  has  led  ua  in  our  atudiea 
in  lUisoia  to  attach  great  importanoe  to  the  perfeotion  of  the  grout  filler. 
W«  have  been  working  along  the  line  that,  theoretioallv,  the  earth  itaelf 
ia  the  foundation  for  the  pavement  and  ia  in  itaelf  wholly  adequate.  If  it 
is  thoroughly  settled  and  j>rQperly  drained.  In  other  wonla,  we  hold  that 
ordinary  dry  earth  auatams  any  load  which  we  place  upon  it  while  it  ia 
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portant)  howeveri  with  cement  filler  that  a  rigid  foimdation  be 
secured. 

Grout  for  filling  joints  should  be  made  of  equal  parts  of  cement 
and  clean,  sharp,  isand  mixed  thoroughly  while  dry.  As  a  gen- 
eral rule,  all  of  it  should  pass  a  No.  10  sieve  but  not  more  than  30 
per  cent  shotdd  pass  a  screen  having  50  meshes  to  the  inch. 
After  the  sand  and  cement  are  thoroughly  mixed  dry,  water  is 
added  to  bring  the  mass  to  a  condition  somewhat  thinner  than 
thin  cream,  so  it  will  flow  into  the  joints  without  any  separation 
of  its  ingredients.  The  mixing  is  kept  up  continuously,  either 
in  a  smidl  batch  mixer  or  the  box  shown  in  the  accompanying 
illustration.  The  tendency  on  extensive  work  is  to  use  a  batch 
mixer  equipped  so  it  can  be  used  for  applying  the  grout.  If  the 
box  is  i^ed,  about  2  cubic  feet  of  the  dry  mixture  is  made  into 
mortar  in  each  batch.  The  best  grout  is  obtained  when  the 
watOT  is  added  slowly. 

The  surface  of  the  pavement  to  be  grouted  is  cleaned,  well 
wet,  and  then  covered  with  enough  ^ut  to  about  fill  the 
joints.  The  grout  is  taken  from  the  mixing  box  in  scoops  and 
i^ter  it  is  poured  from  them  it  is  swept  into  the  jomts,  usually 
witii  coarse  rattan  brooms.  After  a  SO-foot  section  of  road  has 
had  the  joints  filled  in  this  manner,  and  before  the  grout  first 
poured  be^s  to  set,  a  somewhat  thicker  grout  is  made  and 
applied  on  the  same  surface.  It  is  brushed  into  the  joints  with 
squeegees  having  rubber  edges  where  they  rest  on  the  pavement. 
Tliis  process  of  applying  the  relatively  thick  grout  and  brushing 
it  into  tiie  joints  with  squeegees  is  continued  until  the  joints  are 
completely  filled.  It  is  very  desirable  to  apply  the  grout,  so  far 
as  possible,  to  the  exact  parts  of  the  pavement  where  it  is  to  fill 
the  joints.  If  any  great  excess  of  grout  is  applied  at  one  place  in 
the  pavement  and  swept  to  another  place,  the  cement  and  sand 
are  liable  to  become  separated  anH  defective  grout  will  result. 
11  the  bricks  have  rounded  edges,  the  squeegees  should  be  pressed 

in  this  condition,  and  that  the  real  problem  is  to  keep  it  in  this  condition 
by  covering  and  waterproofing  it  with  some  material  which  wiU  withstand 
the  abrasive  action  of  traffic.  This,  in  turn,  leads  us  to  believe  that  if  we 
use  a  thin  base,  such,  for  instance,  as  2  inches  of  sand  and  cement  mixed, 
or  even  1  inch,  or  even,  theoretically,  }  inch,  the  properly  grouted  bricks 
will  then  withstand  successfully  the  action  of  any  such  tn£c  as  we  have 
at  the  present  time. 

"The  mortar  bed  has  for  its  prune  function  the  insurance  of  a  perfect 
grout  joint,  by  preventing  earth  or  other  foreign  matter  from  working 
up  into  the  bottom  of  the  joints  during  construction.  It  has  a  secondary 
value  in  enabling  us  to  obtain  a  smoother  wearing  surface  by  facilitating 
the  proper  grading  of  the  bed  on  which  the  bricks  he  by  the  use  of  mechan- 
ical methods  such  as  templets.  We  have  built  a  6-mile  stretch  of  brick 
road  9  feet  wide,  on  a  1-inoh  mortar  bed  base,  which  1  believe  will  demon- 
strate the  oorreetness  of  the  theory  we  are  now  holding." 
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firmly  against  them  on  the  last  brushing  so  that  no  thin  edges 
of  grout  mil  remain  on  the  surface,  for  they  break  away  very 
soon  and  are  liable  to  pull  a  part  of  the  joint  filler  with  them. 

To  prevent  the  grout  from  flowing  through  tixe  joints  beyond 
the  limits  of  the  section  where  the  filling  is  being  done,  strips  of 
^  inch  steel  6  inches  wide  and  3  feet  long  are  inserted  in  the 
last  transverse  joint,  to  act  as  a  dam  imtil  after  the  initial  set  of 
the  cement. 

After  the  surface  has  been  inspected,  it  is  the  practice  in  Illi- 
nois to  cover  it  with  sand,  which  is  kept  wet  for  ten  days,  and  no 
travel  is  permitted  on  the  road  for  three  weeks  after  the  grout 
has  been  poured.  In  Ohio  and  Pennsylvania,  the  sand  is  kept 
damp  for  at  least  five  and  four  days  respectively,  and  travel  is 
kept  off  for  at  least  ten  days.  In  New  York  travd  is  kept  off 
for  ten  days,  and  the  covering  must  be  kept  moist  for  that  period. 
The  National  Association  of  Paving  Brick  Manufacturers  ad- 
vises keeping  the  covering  wet  for  four  days  and  travel  off  the 
road  for  fifteen  da3rs. 

Bituminous  Fillers. — Bituminous  fillers  vary  greatly  in  qual- 
ity, and  the  experience  with  some  of  the  materials  tried  has  not 
been  satisfactory.  The  filler  should  not  become  soft  during  hot 
weather  nor  brittle  during  cold  weather,  it  should  adhere  to  the 
bricks,  and  it  should  not  be  injured  by  water.  A 1 : 1  bituminous- 
sand  mastic  filler  has  recently  been  used  considerably.  Ob- 
viously climatic  conditions  should  govern  the  selection  of  the 
material  in  some  degree,  for  a  filler  suitable  for  tiie  brick  pave- 
ments of  Florida  might  prove  unsatisfactory  during  a  New 
England  winter. 

llie  Ohio  State  requirements  for  asphalt  fillers  are  as  follows: 

Specific  gravity,  0.98  to  1.04. 

Solubility  in  chemically  pure  carbon  disulphide,  at  least  99} 
percent. 

Matter  soluble  in  86^B.  para£5n  naphtha,  25  to  40  per  cent. 

Limits  for  penetration 


rwatrmnAruBM 

mwDia 

mBIOHT 

TZMB 

PKNBTBinOir 

•c. 

25 

4 
46 

No.  2 
No.  2 
No.  2 

ffrtinu 

100 

200 

60 

5  sec. 
1  min. 
5  sec. 

2.5  to  5  mm. 
2  mm.  or  more 
10  mm.  or  leiw 

Melting  point  by  cube  method,  80**C.  to  120**C. 
It  shall  be  free  from  water  and  not  foam  when  heated  to  350^F. 
The  Ohio  State  requirements  for  coal  tar  pitch  fillers  are  as 
follows: 
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Specific  gravity  at  25"^.^  1.23  to  1.3. 

IVee  can)on  on  extraction  with  carbon  disulphide,  20  to  40 
per  cent. 

Inorganic  matter  on  ignition,  0.5  per  cent. 

Melting  point  by  cube  method,  57**C.  to  63**C. 

It  shall  be  free  horn  water  and  not  foam  when  heated  to  300^F. 

These  bituminous  fillers  are  used  hot  and  the  bricks  should 
therefore  be  dry  when  the  joints  are  poured.  If  a  sand-cement 
bed  is  used,  the  water  for  it  must  be  applied  through  the  joints, 
if  it  is  added  in  that  way,  long  enough  before  the  joints  are  filled 
to  permit  them  to  become  dried  out. 

The  filler  is  melted  in  a  kettle,  from  which  it  is  usually  drawn 
into  funnelHshaped  pourers  terminating  in  a  nozzle  having  an 
opening  about  i  inch  in  diameter,  with  a  valve  by  which  the 
flow  t£*ough  it  can  be  regulated.  This  is  held  over  the  joint, 
with  the  nozzle  projecting  into  it,  and  carried  along  slowly.  The 
joints  are  somewhat  ovei^Ued  by  the  pourer,  on  the  theory  that 
the  early  travel  on  the  pavement  will  force  some  of  the  surplus 
material  into  the  joint  and  make  it  more  dense.  After  the  joint 
is  poured,  some  engineers  have  it  dusted  over  with  sand,  and  it 
is  customary  to  keep  traffic  off  the  pavement  imtil  the  filler  has 
cooled. 

A  mixture  of  tar  and  sand,  called  a  "mastic  filler,"  has  been 
used  to  some  extent.  The  hot  tar  and  heated  sand  are  mixed 
in  equal  voliunes.  A  softer  grade  of  tar  is  used  in  the  mixture 
than  that  called  for  bv  the  Ohio  specification  for  a  tar  filler. 
This  mastic  filler  is  flushed  into  the  joints  by  pouring  it  onto  the 
pavement  and  spreading  it  with  a  squeegee. 

It  is  particularly  desirable  to  roll  the  bricks  and  fill  the  joints  to 
within  at  least  50  feet  of  the  bricklaying  work.  If  rain  falls  and 
the  cushion  becomes  saturated,  it  is  impossible  to  roll  the  bricks 
to  a  firm  condition,  for  the  wet  sand  allows  them  to  rock  and  the 
cushion  is  forced  up  into  the  joints.  By  lifting  out  a  brick  here 
and  there,  the  height  of  the  sand  in  the  joint  can  be  seen  and  the 
character  of  the  rolling  judged  from  it. 

Exparmon  Joints 

In  the  early  days  of  brick  street  pavements,  the  bricks  at  the 
crown  of  a  street  occasionally  rose  in  summer  as  a  result  of  the 
expansion  of  the  pavement  by  heat.  To  remedy  this,  joints 
filled  with  some  compressible  material  were  laid  along  one  or 
both  curbs,  and  some  engineers  used  similar  transverse  expan- 
sion joints  at  intervals  of  50  to  75  feet.  The  longitudinal  joints 
have  proved  useful,  but  there  is  some  question  as  to  the  value  of 
the  transverse  joints  in  street  pavements.  The  objection  to 
transverse  joints  is  that  they  are  worn  away  rather  rapidly  and 


An  economical,  prepared  expao- 

siou  joint  cusliion  or  filler  made 

up  in  strips  in  various  widths  and  thicknesses.    Used  in  every  form  of 

road  construction  requiring  an  ezpan&ion  joint. 

Writ*  for  SMnpto,  UtHSton  amd  PtIom 

THE  HTDREX  FELT  &  ENGINEERING  CO^  12Z  Libertr  St,  N.  T. 

CAnccv 


Something  has 
got  to  give 


You  can't  get  away  from 
the  law  of  expansion  and 
contraction.  Something  has  got  to  give  when  the  preasure  comes. 
That  is  why  the  Elastite  Joint  is  needed.  It  is  placed  as  the  pave- 
ment is  laid  without  any  further  trouble. 

THE  PHILIP  CAREY  CO. 

169  Wayne  Ave..  Lockland  Glnclanatl,  Ohio 


IDEAL  EXPANSION 
JOINT 

"The  Ideal  Method  of  Providing  for  Bxpantion  in  Improved 
PmeTnente"  

They  furnieh  an  exact  basis  for  etHmaiing  coat  of  toork,  cmd  serve 
as  insurance  against  expensive  delays  in  paoing  operaHora. 


Made  of  high  grade  Asphalt  Filler  compound,  pre-molded  to  any 
wtdtA  and  tkicknesa  required.  Shipped  in  boxes  weighing  about  SSO 
B>s.,  wAicft  can  be  easily  deposited  along  the  line  of  work  ready  for 
use  when  needed.  ____^^^^^_ 

For  Brick.  Wood  Block,  Granite  Block  and 
Concrete  Pavements  and  Foundations 


SampUs,  further  infonnation  and  pricM  on  Ttguut 

THE    WARING-UNDERWOOD    CO. 

Commercial  Triut  Bldg.  Fhibtdwtphia,  Pa. 


AU 


432  AMERICAN  HIGHWAY   ASSOCIATION 

this  causes  the  travel  to  chip  off  the  edges  of  the  bricks  separated 
by  them.  Whenever  this  chipping  occurs  to  any  extent,  the 
pavement  soon  develops  a  rut  or  hole.  Cracks  in  a  country 
road,  if  properly  filled  when  they  first  open  and  kept  filled  after- 
ward, do  not  injure  it  appreciably,  and  it  is  generally  consid- 
ered that  transverse  joints  in  a  brick  wearing  surface,  to  prevent 
transverse  cracks,  are  more  likely  to  cause  than  prevent  trouble. 

Expansion  joints  are  of  two  types,  poured  and  prepared.  The 
former  are  made  by  placing  a  board  filler  of  the  thickness  of  the 
joint  against  the  curb  and  laying  the  bricks  against  it.  The 
Maryland  rule  for  the  thickness  of  the  joints  is  as  follows:  On 
streets  30  feet  or  more  wide,  1}  inches  next  each  curb;  on  20  to 
30-foot  streets,  1  inch  next  eadi  curb;  on  12  to  20-foot  streets,  f  inch 
next  each  curb;  on  streets  under  12  feet,  |  inch  next  one  curb.  In 
Pennsylvania  a  }-inch  joint  at  each  curb  is  specified.  On  the 
Illinois  brick  roads  with  a  sand-cement  base  a  |-inch  joint  along 
one  curb  is  used.  The  plank  filler  usually  consists  of  two  thin 
6-inch  boards  of  a  wedge-shape  cross-section,  dressed  on  both 
sides.  One  of  them  is  laid  against  the  curb  with  the  thin  edge  on 
the  base,  and  the  other  is  placed  against  it  with  the  thick  edge 
downward.  The  combined  thickness  of  the  two  is  equal  to  the 
thickness  of  the  joint.  Handles  are  attached  to  their  upper 
edges,  so  they  can  be  lifted  out  when  the  grout  filler  which  has 
been  poured  has  set.  The  filler  for  poured  expansion  joints  should 
meet  the  requirements  for  the  filler  for  other  joints  of  this  type. 
With  the  monolithic  and  sand-cement  cushion  types  of  pavement, 
the  joints  should  be  filled  as  far  as  the  bricks  are  laid,  each  day. 

Prepared  fillers  are  now  extensively  used.  They  are  strips 
of  bitiiminous  material  or  some  kind  of  felt  or  fabric  impreg- 
nated with  bituminous  material.  They  are  placed  against  the 
curb  and  the  bricks  laid  against  them,  thus  doing  away  with  the 
board  fillers  required  with  poured  joints  and  making  it  unneces- 
sary to  provide  heating  kettles  on  pavements  with  grouted 
joints. 

Experience  on  the  Pennsylvania  State  highways  has  shown 
that  a  prepared  filler  extendmg  the  full  depth  of  the  brick  some- 
times permitted  water  to  penetrate  from  the  road  siirface  into 
the  cushion,  where  it  froze  and  heaved  the  bricks.  It  is  there- 
fore considered  advisable  on  that  work  to  have  the  prepared 
filler  stop  from  f  to  1  inch  below  the  stu^ace  of  the  road  and  to 
fill  the  top  of  the  joint  with  hot  bituminoiis  material. 

Where  a  cement-sand  bed  is  used,  a  f  inch  prepared  expansion 
joint  extending  through  the  entire  pavement  is  recommended 
by  some  engineers;  it  is  placed  in  two  BbnpQ,  the  first  or  bottom 
strip  being  placed  in  the  concrete  base,  and  the  second  strip  im- 
mediately above  it  when  the  bed  and  bricks  are  laid. 
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Small  Cvbical  Bricks 

Shortly  after  small  stone  blocks  were  introduced  in  Europe  for 
constructing  pavements  having  the  trade  name  of  ''Durax/'  the 
coimty  superintendent  of  Monroe  County,  N.  Y.,  J.  Y.  McClintock, 
employed  cubes  measuring  2  to  2^  inches  on  a  side  for  resurfacing 
old  macadam  roads  to  resist  motor  traffic.  In  1916  he  stated  that 
vitruGed  clay  cubes  had  given  better  results  than  those  of  other 
materials.  Those  laid  in  1916  were  21  inches  in  each  dimension, 
weighed  about  1  pound  each,  and  were  laid  225  to  the  square 
yard.  The  only  specification  for  the  cubes  is  that  they  must  not 
absorb  more  than  3  per  cent,  of  their  weight  when  immersed  in 
water.  They  have  been  laid  on  a  gravel  base,  broken  slag,  broken 
stone  and  concrete,  and  the  joints  are  filled  with  any  local  fine 
material.  It  is  considered  advisable  to  make  the  base  several 
feet  wider  than  the  roadway,  so  that  the  gravel  or  broken  stone 
shoulders  adjacent  to  the  cubes  shall  be  supported  rigidly  and 
the  tendency  for  the  border  cubes  to  become  displaced  will  be 
minimized. 

Aspha-Bric 

During  1915  and  1916  attention  was  directed  to  the  possibilities 
of  asphaltimpregnated  brick.  The  idea  of  impregnating  brick  with 
bituminous  material  is  not  new.  In  1893  brick  boiled  in  coal  tar 
were  laid  in  Portland,  Ore.,  and  remained  in  service  17  years. 
About  1907  nose  brick  boiled  in  asphalt  were  laid  along  the  tracks 
of  the  Los  Angeles  Electric  Railway  Corporation  and  2500  simi* 
lar  brick  were  laid  along  tracks  in  San  Francisco  about  1912. 
Brick  boiled  in  bituminous  material  have  also  been  laid  in  Nash- 
ville and  Chattanooga. 

The  method  of  treating  brick  which  came  into  prominence  in 
1915  is  designed  to  fill  completely  the  pores  in  the  brick.  As  the 
porosity  of  different  grades  and  makes  varies  considerably,  the 
quantity  of  impregnating  material  required  will  range  from  about 
6  to  15  per  cent  of  the  volume  of  the  brick.  As  a  result  of  the 
treatment  it  is  claimed  that  the  brick  become  impervious  to  mois- 
ture, the  bituminous  jointing  material  adheres  more  firmly  to  the 
treated  than  to  the  untreated  brick,  and  the  wearing  properties, 
as  indicated  by  the  standard  rattler  test,  are  greatly  improved. 
This  last  advantage  is  indicated  in  the  accompanying  tabulation 
of  tests  of  untreated  and  treated  '' second"  brick  conducted  by 
Robert  W.  Hunt  &  Company.  Each  test  was  made  with  five 
untreated  and  five  treated  brick,  225  poimds  of  small  shot  and  75 
pounds  of  large  shot,  the  rattler  malang  1800  revolutions  at  the 
rate  of  30  revolutions  per  minute.    The  increase  in  wear  due  to 
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Weight  in  pounds: 

Before  treatment. . . . 

After  treatment 

Asphalt  used 

Loas  m  weidit,  pounds : 

Untreated^ 

IVeated 

Loas  in  wei^t«   per 
oent: 

Untreated 

Treated 

Broken  brick: 

Untreated 

Treated 


50.06 

56.76 

6.00 


27. 
8.881 


58.34 
14.77 

1 
0 


48.81 

54.01 

5.201 


46.50 

48.07 

2.47 


0217 


.30 
8.06 


85.63 
16.50 

0 
0 


61.06 
12.70 

3 
3 


28.81 
6.22110.071 


58 .35(45 .26148. 65140. 7« 
55.7747.4051.33 
2.42  2.24  2.68 


17.10113.03111 .88 
6.83 


32.22 
18.06 

0 
1 


6.51 


30.70 
13.71 

0 
0 


24.42 
13.31 

0 
0 


47.0550.03 

54.6040.0454.58 

4.85  1.00  4.50 


10.57 
7.36 


0 
0 


13. 
6.461 


30.34  28.43 
13.48 


0 
0 


6311 


.78 
6.35 


23.55 
12.04111.46 


0 
0 


impregnatioii  will,  it  is  stated,  enable  manufacturers  to  stop  their 
burning  at  a  lower  temperature  than  is  now  customary,  thus 
materially  reducing  the  number  of  poor  brick  in  a  kiln,  and  to 
obtain  the  necessary  strength  by  impregnating  the  brick.  It  is 
also  claimed  that  grades  of  brick  unsuitable  for  pavements  may 
be  made  into  satisfactory  pavers  by  impregnation.  For  example, 
impregnating  clav  buildmg  brick  with  11.3  per  cent  of  asphalt 
gave  a  product  snowing  9.3  per  cent  loss  in  the  standard  rattler 
test,  although  untreated  brick  showed  100  per  cent  loss  after  500 
revolutions.  Shale  building  brick  which  idiowed  42.4  per  cent 
loss  in  the  rattler  test  before  they  were  treated,  lost  only  17  per 
cent  after  treatment.  Sand-lime  brick  which  showed  100  p^ 
cent  loss  after  400  revolutions  lost  only  23  per  cent  after  bemg 
impregnated  with  10  per  cent  of  asphalt.  Impregnating  clay 
and  shale  building  brick  with  8|  per  oent  of  asphalt  reduced  the 
loss  in  the  rattler  test  from  40.0  to  14.2  per  cent.  The  impregna- 
tion of  the  brick  also  reduces  their  absorption  of  water  to  practi- 
cally nothing. 

llie  asphalt-impregnating  process  begins  when  the  brick  are 
removed  from  the  loins  or  diyers.  They  are  loaded  on  small 
cars  which  are  run  into  a  cylinder.  There  they  are  heated  to 
about  SOO^F.,  which  expands  them,  and  a  vacuum  is  produced 
in  the  cylinder  to  remove  all  moisture  from  tiie  brick  and  leave 
their  pores  open.  The  cylinder  is  then  filled  with  a  special  grade 
of  asphalt  at  a  temperature  of  350^F.  and  the  cylinder  put  under 
heavy  pressure  until  the  gauges  show  that  impregnation  is  com- 
plete. The  asphalt  is  dinedned  off  and  pressure  again  appUed 
until  the  brick  have  cooled.  During  cooling  they  contract  some- 
whati  causing  the  asphalt  to  become  sealed  in  the  pores. 


A  BRICK  PAVEMENT  ON  A  ONE-INCH  CON- 
CRETE BASE' 

A  brick  pavement  was  laid  in  1917  in  Stocldand  township, 
Iroquois  County,  Illinois,  on  a  one-inch  concrete  base.  This 
pavement  is  9  feet  wide,  and  the  contract  is  for  about  6}  miles, 
of  which  about  3  miles  has  been  constructed.  The  contract 
price  for  this  work  is  approximately  18700  a  mile,  of  which  about 
1300  is  for  bridges  and  culverts  and  about  $450  for  grading. 
Tlie  price  for  the  slab  alone  is  $1.50  per  square  yard. 

Tlus  pavement  is  being  laid  on  an  old  gravel  road  for  a  foun- 
dation and,  in  order  to  secure  the  full  benefit  of  this  old  material, 
the  gradient  of  the  new  pavement  varies  but  slightly  from  that 
of  the  present  road.  By  not  disturbing  the  old  gravel,  it  has 
been  possible  to  secure  a  very  firm  subgrade  and  we  have  no  doubt 
but  the  pavement  will  prove  very  satisfactory.  The  concrete 
base  is  composed  of  1  part  cement  to  2}  parts  fine  a^regate  and 
4  parts  coarse  aggregate.  The  fine  aggregate  consists  of  sand 
all  of  which  passes  a  i-inch  mesh.  The  coarse  aggregate  con- 
sists of  material  which  would  be  retained  on  a  }-inch  mesh  and 
passes  a  }-inch  mesh.  As  a  matter  of  fact,  there  is  very  little 
of  this  material  which  will  not  pass  a  {  inch  mesh  and  it  is  the 
same  type  of  gravel  that  is  commonly  used  for  roofing  purposes. 

I  have  no  doubt  but  this  pavement  would  be  practically  as 
good  as  if  the  brick  had  been  laid  directly  on  the  old  gravel  road^ 
but  in  a  construction  of  this  kmd,  it  is  necessary  to  have  some 
sort  of  a  concrete  base  in  order  to  secure  a  perfectly  smooth  and 
uniform  surface  on  which  to  lay  the  bricks. 

The  subgrade  was  thoroughly  rolled  and  all  soft  places,  of 
which  there  were  very  few,  were  removed  and  the  subgrade 
brought  up  to  a  true  plane  by  the  addition  of  fresh  material  which 
was  thoroughly  compacted.  Before  concrete  was  placed,  the 
subgrade  was  well  wet;  after  the  concrete  was  placed,  it  was 
struck  ofF  by  means  of  a  template  and  the  bricks  were  laid  di- 
rectly on  the  green  concrete. 

Two  brick  setters  were  used  on  this  job  and  by  having  a  brick 
hammer  on  each  side  of  the  road,  the  setters  not  only  started  but 
finished  the  coxu'ses,  as  on  a  pavement  of  this  width  no  bats,  except 

^  By  Rodn^  L.  Bell,  Division  Engineer,  Illinois  State  Higfiway  De- 
partment. 
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one  half-fiized  brick,  are  required  in  starting  and  finiflhing  the 
courses.  Bricks  were  carried  on  to  the  pavement  in  such  a  way 
that  the  good  side  of  the  bricks  was  always  placed  up  and  the 
lugs  all  in  one  direction.  By  requiring  the  brick  carriers  to  use 
some  care,  a  large  amount  of  the  culling  which  ordinarily  takes 
place  on  a  brick  road  was  eliminated.  Just  as  soon  as  the  bricks 
were  culled,  the  pavement  was  swept  and  the  rolling  started. 

One  man  did  nothing  but  keep  the  roller  moving  the  entire 
time.  It  was  a  small  hieuid  roller  about  30  inches  in  length  and 
24  inches  in  diameter  and  when  filled  with  water  weighed  about 
700  poimds.  This  weight  was  sufficient  to  secure  a  good  surface 
over  the  entire  length  of  the  pavement.  The  first  rolling  was 
begun  at  the  outer  edge  and  the  pavement  was  rolled  parallel  to 
the  center  line  of  the  pavement.  After  the  entire  surface  had 
been  covered  in  this  way,  the  pavement  was  cross-rolled  in  oppo* 
site  directions,  the  roller  malang  an  angle  of  about  45  decrees 
with  the  center  line  of  the  pavement. 

In  order  to  allow  plenty  of  time  to  secure  a  thorough  job  of 
rolling,  the  grouting  machine  was  kept  about  100  feet  behind  the 
brick  layer.  The  grout  mixtiu*e  consisted  of  one  part  cement  and 
1  part  of  sand  mixed  in  a  machine  designed  for  iJiis  piu'poae.  It 
was  the  intention  to  practically  fill  the  joints  at  the  first  appli- 
cation so  that  after  the  grout  had  had  a  chance  to  settle,  it  would 
leave  from  ^  to  f  inch  to  be  filled  with  subsequent  applications. 

The  second  application  of  the  grout  was  mixed  slightly  thicker 
than  the  first,  and  was  wheeled  back  over  the  pavement  from  the 
mixing  machine  rather  than  bother  with  moving  the  machine 
back  over  the  pavement  a  second  time.  This  application  was 
worked  into  the  joints  by  use  of  a  squeegee  and  on  the  final  going 
over,  the  squeeg^  were  pulled  at  an  angle  of  about  45  degrees 
with  the  joints  in  order  to  secure  a  better  surface  and  to  keep 
the  grout  from  being  dragged  out  from  between  the  brick. 

After  the  grout  had  set  sufficiently,  the  pavement  was  covered 
with  1  inch  of  loose  dirt,  which  was  kept  wet  for  one  week.  The 
pavement  was  opened  to  traffic  after  it  had  been  down  three 
weeks. 

This  work  is  being  paid  for  by  a  bond  issue  which  has  been 
voted  by  Stockland  township,  Iroquois  County,  and  is  under 
the  genertd  supervision  of  Benj.  Jordan,  county  superintendent 
of  highways  of  Iroquois  C!ounty. 


PART  III 
Miscellaneous  Information  and  Tables 


HIGHWAY  BONDS' 

The  mathematical  theory  of  interest  as  applied  to  bond  cal- 
culations is  explained  in  a  section  of  Bulletin  136  of  the  United 
States  Department  of  Agriculture  which  was  reprinted  by  per- 
mission in  the  1916  Goon  Roads  Yeab  Book,  with  tables  of  much 
value  to  those  making  a  detailed  examination  of  the  subject. 
For  the  usual  purposes  of  highway  officials^  however,  the  much 
simpler  tables  which  are  printed  herewith  are  not  only  sufficient 
in  scope  but  also  more  easOy  used. 

The  bonds  used  almost  universally  untQ  a  few  years  ago  were 
of  the  sinking-fund  type.  Parties  issuing  them  have  to  provide 
annually  during  the  term  of  the  bonds  the  stipulated  interest 
and,  theoretically,  set  aside  a  sum  at  interest  which  will  amount 
at  iJie  end  of  the  term  to  the  principal  of  the  bonds.  This  an- 
nual sum  set  aside  at  interest  is  called  the  sinking  fund,  and  the 
amount  which  must  be  raised  for  such  a  fund  depends  upon  the 
interest  it  bears.  This  int^^st  is  usually  quite  low  in  comparison 
with  the  interest  paid  on  the  bonds. 

Unfortunately  the  financial  methods  of  public  officials  do  not 
always  remain  above  criticism  and  it  often  happens  that  the  annual 
payment  into  the  sinking  fund  is  forgotten  or  neglected.'  Some- 
times the  money  accumulated  in  the  sinking  fund  is  diverted 
from  ite  purpose.  Such  departxu'es  from  sound  finance  result  in 
a  lack  of  money  to  pay  off  the  bonds  when  they  become  due,  as 
agreed,  and  it  then  becomes  necessary  to  issue  a  new  series  of 
bonds  to  carry  this  indebtedness.  This  is  a  serious  matter  when 
the  improvemente  for  which  the  bonds  were  issued  have  become  of  no 
further  use,  as  in  the  possible  case  of  a  worn-out  road  surface, 
or  obsolescent,  as  in  the  possible  case  of  an  overloaded  bridge, 
when  the  taxpayers  who  contribute  for  the  second  bond  issue  are 
obliged  tojpay  for  something  for  which  they  receive  little  or  no 
ben^t.    Tnis  is  not  equitable,  and  so  some  states  fix  the  term 

^  Reyised  by  B.  K.  Coghlan,  associate  professor  of  highway  engineer- 
ing, Agricultural  and  Mechanical  College  of  Texas. 

*  Baker,  Watts  &  Co.,  bankers,  of  Baltimore,  make  the  following  com- 
ment :  ''We  view  it  as  a  very  serious  matter  to  neglect  the  sinking  fund, 
regardless  of  the  character  of  the  improvement  for  which  the  bonds  are 
issued.  We  think  that  public  officials  cannot  be  too  forcibly  impressed 
with  the  absolute  necessity  of  managing  public  funds  strictly  in  accordance 
with  the  laws  and  ordinances  authorising  bond  issues,  and  anj^  neglect  or 
diversion  of  public  sinking  funds  should  be  summarily  dealt  with.''^ 
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of  bonds  which  may  be  issued  to  pay  for  certain  classes  of  im- 
provements. In  New  Jersey,  for  example,  the  term  of  bonds  for 
gravel  roads  is  limited  to  five  years,  waterbound  or  bitwninous 
macadam  ten  years,  bituminous  concrete  fifteen  years,  6-inch 
concrete  twenty  years,  block  pavements  twenty  years,  sheet 
asphalt  on  a  concrete  base  twenty  years,  and  stone,  concrete 
and  iron  bridges  thirty  years.  The  useful  life  of  the  improve- 
ment is  what  must  be  considered,  and  tiiis  is  determined  in  some 
cases  by  obsolescence  rather  than  depreciation,  notably  in  the 
case  of  bridges.  The  attractiveness  of  bonds  for  road  work 
would  be  enfuanced  in  many  cases  if  an  equivalent  of  the  fol- 
lowing statute,  in  force  in  Mississippi,  were  generally  adopted: 

The  public  highway  or  highways  bo  surveyed  and  adopted  by  such  com- 
missioners shall  be  constructed  and  maintained  out  of  the  proceeds  of 
such  bonds;  proceeds  of  such  bonds  to  be  used  alone  in  their  construction; 
and  the  board  of  supervisors  shall  levv  an  annual  tax,  on  the  recommen- 
dation of  such  commissioners,  on  all  the  taxable  property  in  such  district 
or  districts  of  not  exceeding  1  mill  on  the  dollar,  which  shall  be  used  to 
supplement  the  general  fund  of  the  county  in  maintaining  said  road  or 
roads  and  the  culverts,  bridges  and  levees  thereon. 

The  importance  of  maintenance  of  roads  is  so  great  that 
statutes  authorizing  bond  issues  for  construction  should  require, 
as  part  of  the  stipulations  under  which  the  bonds  are  issued,  an 
adequate  financial  provision  for  the  upkeep  of  the  roads  during 
the  term  of  the  bonds.  This  insures  a  full  statement  of  the 
financial  obligations  of  the  bond  issue  upon  the  tascpayers  before 
they  vote  on  the  issue. 

The  investment  of  the  sinking  fund  affords  an  indication  of 
the  financial  ability  of  a  commxmity.  In  some  sections  of  the 
country,  the  investment  is  intrusted  to  special  boards  of  sinking 
fund  commissioners,  and  appointment  to  such  a  board  is  re- 
garded as  a  hi^  honor,  so  that  the  positions  are  filled  by  men  of 
^e  highest  business  standing.  Iii  such  cases  the  community 
not  only  feels  confident  of  ito  financial  stability  but  its  bond 
issues  are  sought  so  eagerly  that  it  is  not  necessary  to  pay  hi^ 
rates  of  interest.  In  a  few  places,  sinking  funds  have  been 
neglected  and  the  financial  standing  of  the  community  suffers 
in  consequence. 

A  second  t3rpe  of  bond  is  known  as  the  annui^  bond.  An 
annuity  is  a  fixed  sum  paid  at  regular  intervals  of  time  for  either 
a  definite  term  or  for  the  life  of  the  beneficiary  of  the  annuity. 
An  annuity  bond  draws  interest  at  an  agreed  rate,  but  at  the 
close  of  each  retirement  period  stated  in  uie  bond,  the  pa3mient 
to  the  bondholders  includes  both  the  interest  that  has  accrued 
during  the  period  since  the  last  payment  and  enough  of  the 
principal  to  make  the  full  payment  a  definite,  imiform  amount 


HIGHWAY  BONDS  441 

at  the  close  of  each  retirement  period.  The  annual  payment  at 
the  end  of  the  first  retirement  period  is  mainly  for  interest  and 
that  at  the  end  of  the  last  period  is  mainly  for  retiring  the  last 
of  the  outstanding  principal.  The  advantl^^  of  the  plan  is  that 
it  retires  some  principal  annually  and  thus  saves  the  taxpayer 
the  expense  of  paying  interest  on  the  whole  of  a  bond  issue  dur- 
ing its  term.  This  makes  annuity  bonds  less  expensive  than 
sinking  fund  bonds  to  the  county  issuing  them. 

The  annuity  bond  issue  possesses  the  advantage  of  requiring 
the  same  amoimt  to  be  raised  each  year,  during  its  term.  The 
annual  payments  must  be  adjusted,  however,  so  that  the  amoimt 
of  principal  retired  will  be  some  multiple  of  $100,  $500  or  $1000, 
or  whatever  sum  is  the  face  value  of  one  bond.  Consequently  the 
actual  payment  on  annuity  issues  at  the  end  of  a  retirement  period 
is  not  the  uniform  theoretical  amount  given  in  bond  tables  but 
an  amount  varying  slightly  from  it,  sometimes  more  and  some- 
times less.^ 

The  serial  bond  issue  is  a  type  which  has  found  favor  with  both 
borrowers  and  lenders.  The  farmer  finds  it  desirable  because  it 
retires  each  year  a  part  of  the  principal,  and  is  tiius  more  econom- 
ical than  a  sinking  fund  bond  issue.  The  purchasers  of  the  bonds 
like  them  because  there  is  a  strong  public  sentiment  in  favor  of 
serial  bonds,  which  gives  them  standing  as  a  good  type  of  invest- 
ment security.  It  is  the  least  expensive  method  of  borrowing 
money  by  issuing  bonds,  as  an  examination  of  the  accompanying 
tables  w31  show. 

One  defect  of  serial  bonds  for  certain  classes  of  public  im- 
provements is  that  the  heaviest  pa3anent8  for  interest  and  the 
retirement  of  principal  must  be  made  in  the  early  years  of  the 
term  of  the  bonds,  before  the  work  for  which  they  pay  has  yielded 
any  returns.  Cionsequently  what  are  known  as  deferred  serial 
bonds  are  now  used  to  meet  such  conditions  as  often  arise  in 
road  districts.  With  such  a  type  of  bond,  no  principal  is  retired 
until  a  certain  period,  usually  five  years,  has  elapsed.  During 
this  period  interest  is  paid  but  nothing  more.  Thereafter  the 
principal  is  retired  by  imiform  amounts  and  the  interest  charges 
are  met  lUst  as  in  the  case  of  straight  serial  bonds  having  a  term 
shorter  by  five  years,  or  whatever  is  the  deferred  period.  In 
this  way  a  road  district  need  not  pay  anything  but  interest  \mtil 

>  The  following  comment  on  this  type  of  bond  has  been  received  from 
John  S.  Harris,  of  the  banking  house  of  Sidney  Spitser  and  Company, 
Toledo:  "We  would  not  suggest  your  recommending  the  installment 
(annuity)  bonds,  as  they  are  very  hiud  to  figure  and  hard  to  dispose  of. 
It  is  necessary  to  figure  each  year  when  you  collect  your  coupons  the 
amount  of  principal  and  the  amount  of  interest.  A  serial  bond  answers 
the  same  purpose  and  is  much  more  attractive  to  the  investing  public. 
Road  bonds  should  not  be  issued  in  any  other  way  than  as  serial  bonds,  as 
every  one  knows  that  isauing  long-time  road  bonos  is  wrongi" 
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the  improvements  have  begun  to  jrield  a  return  and  it  need  not 
pay  80  mudi  for  the  use  of  money  as  when  it  issues  sinking  fund 
bonds.  « 

The  question  which  taxpayers  generally  put  to  public  officials 
regarding  a  bond  issue  is  what  increase  such  an  issue  will  make  in 
the  annual  taxes.  A  series  of  examples  will  show  how  the  ac- 
companying tables  can  be  used  to  answer  such  questions. 

T^^t  is  the  tax  rate  for  a  $300,000  issue  of  5  per  cent,  40-year 
bonds,  retired  by  a  sinking  fund  drawing  3  per  cent,  when  the 
tax  valuation  of  the  road  district  is  $9,300,000? 

The  table  of  the  annual  cost  of  sinking  fund  bonds  shows  that  the 
annual  cost  of  a  $1  bond  of  this  class  is  6.326  cents.  The  annual 
cost  of  a  $300,000  issue  will  be  $18,978.  The  additional  tax  per 
$100  valuation  in  the  district  wiU  be  $18,978  -f-  93,000  =  20.407 
cents.  Any  taxpayer  can  find  out  what  his  additional  tax  will 
be  by  multiplying  20.407  cents  by  the  number  of  hundreds  of 
dollars  worth  of  property  for  which  he  is  assessed.  If  bis  prop- 
erty is  assessed  at  $2000,  for  example,  his  additional  tax  for 
roads  will  be  $4.08. 

How  much  money  would  be  saved  by  issuing  annuity  rather 
than  sinking  fund  bonds  in  this  case? 

The  anniml  cost  of  a  1-dollar  4-per  cent,  40-year  aimuity  bond 
is  shown  by  the  table  to  be  5.828  cents,  so  the  annual  cost  of  a 
$300,000  issue  will  be  $17,484.  The  additional  tax  per  $100 
valuation  will  be  18.8  cents,  or  1.607  cents  less  than  under  the 
sinldng  fund  system.  The  man  whose  property  is  assessed  at 
$2000  would  save  32  cents,  and  the  district  as  a  whole  would 
save  $1494.51,  which  would  go  a  long  ways  toward  paying  for 
the  engineering  expenses  of  the  road  improvement. 

What  is  the  least  expensive  type  of  a  $300,000  issue  of  5  per 
cent,  40-year  bonds  to  the  above  district? 

The  four  accompanying  tables  show  that  the  straight  serial 
bond  is  the  least  expensive  t3rpe,  for  the  average  annual  cost  of 
a  l-doll£ur  bond  of  this  t3rpe  is  5.062  cents.  This  is  equivalent 
to  $15,186  for  a  $300,000  issue.  The  additional  tax  per  $100 
valuation  will  be  16.329  cents,  4.978  cents  less  than  under  the 
sinking  fimd  type,  which  will  save  81  cents  to  the  man  having 
property  asse^ed  at  $2000.  The  saving  to  the  district  will  be 
$3792  as  compared  with  a  sinking  fund  issue  and  $2298  as  com- 
pared with  an  aimmty  issue. 

The  drawback  of  a  straight  serial  bond  can  be  seen  from  the  fig- 
ures of  the  payment  needed  at  the  end  of  the  first  and  the  fortieth 
years,  7.5  and  2.625  cents  respectively  on  a  l-doUar  bond.  Road 
improvements  do  not  yield  any  benefits  until  completed,  and  by 
deferring  payment  on  the  principal  for  five  years,  the  additional 
cost  to  the  commimity  will  average  only  $939  a  year.  The 
maximum  annual  amount  will  be  somewhat  higher  than  in  a 
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straight  40-year  serial  issue,  because  the  principal  must  be 
tired  in  35  years  instead  of  40  years,  but  this  disadvantage  may 
not  outweigh  the  desirability  of  deferring  the  repayment  of  the 
principal. 

The  management  of  a  bond  issue  requires  attention  to  all  the 
requirements  of  the  laws  governing  such  matters  and  a  knowledge 
of  the  conditions  which  affect  the  value  of  bonds.  Every  step 
which  the  law  requires  to  be  taken  in  connection  with  such  bonds 
must  not  only  be  taken  properly  but  recorded  fully  and  clearly. 
As  soon  as  the  voters  authorize  the  issue,  a  statement  of  the  fact 
should  be  drawn  up,  showing  also  the  area,  population  and  as- 
sessed valuation  of  the  district,  the  value  of  its  agricultural  and 
industrial  products,  its  material  resources  and  the  extent  of  their 
development,  the  banking  and  transportation  facilities  serving 
it,  the  existing  indebtedness  of  the  district,  the  condition  and 
number  of  the  schools,  and  all  other  information  which  will  indi- 
cate the  resources  and  character  of  the  conmumity  that  has  de- 
cided to  borrow  the  money.  This  information  should  be  sent 
to  banking  houses  and  insurance  companies  making  a  specialty 
of  piurchasing  pubUc  bonds  and,  if.  the  issue  is  a  large  one,  it 
should  be  advertised  in  financial  journals.  There  should  be 
ample  time  between  the  publication  of  these  notices  and  the  sale 
of  the  bonds  for  purchasers  to  make  a  full  investigation  of  them. 

^  Private  sales  of  bonds  for  public  works  should  be  discouraged 
all  sales  of  bonds  should  be  publicly  advertised,  and  bidders' 
should  be  invited  to  submit  sealed  bids  on  or  before  a  certain 
date.  The  bonds  should  be  sold  to  the  highest  responsible  bid- 
der who  complies  with  all  of  the  terms  and  conditions  of  the  sale. 
The  city  or  county  should  reserve  the  right  to  reject  any  or  all 
of  the  bids,  as  a  protection  against  any  effort  to  pool  bids  and 
purchase  the  bonds  at  a  price  considerably  less  than  their  value. 

Some  cities  and  counties  engage  competent  attorneys,  familiar 
with  the  preparation  of  the  legd  papers  pertaining  to  bond  is- 
sues, to  examine  the  records  prior  to  the  sale  and  to  prepare  all 
necessary  forms.  The  city  or  county  assumes  the  expense  for 
all  such  work  and  fmnishes  the  successful  bidder  with  the  approv- 
ing opinion  of  the  counsel  thus  engaged  and  with  the  executed 
bonds.  Some  cities  and  coimties  go  even  further  by  providing 
uniform  proposal  blanks  for  the  bonds  and  refusing  to  accept  bids 
not  made  on  such  blank.  The  advantage  of  these  provisions  is 
that  the  seller  knows  he  is  offering  a  legally  and  validly  issued 
bond,  the  buyer  has  the  same  assurance,  and  the  value  of  the  is- 
sue is  certainly  enhanced  thereby.  The  seller  is  undoubtedly  re- 
imbursed for  the  expense  incurred  in  such  preparatory  work  by 
the  price  he  receives  for  the  bonds. 

^Thifl  and  the  next  paragraph  were  prepared  by  Baker,  Watts  it 
Company. 
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t  sinking  fund 

mn  ON 

BATi  or  nmBBflT  on  bonds,  pbb  cbnt 

■UVJk' 

nro 

FUKD 

nnf 

4 

4.25 

4.5 

4.76 

6 

6.26 

6.6 

6 

IMTflffll 

yvsrt 

ctntt 

ctnt§ 

eerUt 

ctnte 

eenta 

eenU 

eerUt 

etnta 

2 

5 

23.216 

23.466 

23.716 

23.966 

24.216 

24.466 

24.716 

25.216 

10 

13.133 

13.383 

13.633 

13.883 

14.133 

14.383 

14.633 

15.133 

15 

9.783 

10.033 

10.283 

10.533 

10.783 

11.033 

11.283 

11.783 

20 

8.116 

8.366 

8.616 

8.866 

9.116 

9.366 

9.616 

10.116 

25 

7.122 

7.372 

7.622 

7.872 

8.122 

8.372 

8.622 

9.122 

30 

6.465 

6.715 

6.965 

7.215 

7.465 

7.715 

7.965 

8.465 

35 

6.000 

6.250 

6.500 

6.750 

7.000 

7.250 

7.500 

8.000 

40 

5.656 

5.906 

6.156 

6.406 

6.656 

6.906 

7.156 

7.656 

45 

5.391 

5.641 

5.891 

6.141 

6.391 

6.641 

6.891 

7.391 

50 

5.182 

5.432 

5.682 

5.932 

6.182 

6.432 

6.682 

7.182 

2.5 

5 

23.023 

23.273 

23.523 

23.773 

24.023 

24.273 

24.523 

25.023 

10 

12.926 

13.176 

13.426 

13.676 

13.926 

14.176 

14.426 

14.926 

15 

9.577 

9.827 

10.077 

10.327 

10.577 

10.827 

11.077 

11.577 

20 

7.915 

8.165 

8.415 

8.665 

8.915 

9.165 

9.415 

9.915 

25 

6.928 

7.178 

7.428 

7.678 

7.928 

8.178 

8.428 

8.928 

30 

6.278 

6.528 

6.778 

7.028 

7.278 

7.528 

7.778 

8.278 

35 

5.821 

6.071 

6.321 

6.571 

6.821 

7.071 

7.321 

7.821 

40 

5.484 

5.734 

O.<7o4 

6.234 

6.484 

6.734 

6.984 

7.484 

45 

5.227 

5.477 

5.727 

5.977 

6.227 

6.477 

6.727 

7.227 

50 

5.026 

5.276 

5.526 

5.776 

6.026 

6.276 

6.526 

7.026 

3 

5 

28.835 

23.085 

23.335 

23.585 

23.835 

24.085 

24.335 

24.835 

10 

12.723 

12.973 

13.223 

13.473 

13.723 

13.973 

14.223 

14.723 

15 

9.377 

9.627 

9.877 

10.127 

10.377 

10.627 

10.877 

11.377 

20 

7.722 

7.972 

8.222 

8.472 

8.722 

8.972 

9.222 

9.722 

25 

6.743 

6.993 

7.243 

7.493 

7.743 

7.993 

8.243 

8.743 

30 

6.102 

6.352 

6.602 

6.852 

7.102 

7.352 

7.602 

8.102 

35 

5.654 

5.904 

6.154 

6.404 

6.654 

6.904 

7.154 

7.654 

40 

5.326 

5.576 

5.826 

6.076 

6.326 

6.576 

6.826 

7.326 

45 

5.079 

5.329 

5.579 

5.829 

6.079 

6.329 

6.579 

7.079 

50 

4.887 

5.137 

5.387 

5.637 

5.887 

6.137 

6.387 

6.887 

3.5 

5 

22.648 

22.898 

23.148 

23.398 

23.648 

23.898 

24.148 

24.648 

10 

12.524 

12.774 

13.024 

13.274 

13.524 

13.774 

14.024 

14.524 

15 

9.183 

9.433 

9.683 

9.933 

10.183 

10.433 

10.683 

11.183 

20 

7.536 

7.786 

8.036 

8.286 

8.536 

8.786 

9.036 

9.536 

25 

6.567 

6.817 

7.067 

7.317 

7.567 

7.817 

8.067 

8.567 

30 

5.937 

6.187 

6.437 

6.687 

6.937 

7.187 

7.437 

7.937 

35 

5.500 

5.750 

6.000 

6.250 

6.500 

6.750 

7.000 

7.500 

40 

5.183 

5.433 

5.683 

5.933 

6.183 

6.433 

6.683 

7.183 

45 

4.945 

5.195 

5.445 

5.695 

5.945 

6.195 

6.445 

6.945 

50 

4.763 

5.013 

5.263 

5.513 

5.763 

6.013 

6.263 

6.763 

4 

5 

22.463 

22.713 

22.963 

23.213 

23.463 

23.713 

23.963 

24.463 

10 

12.329 

12.579 

12.829 

13.079 

13.329 

13.579 

13.829 

14.329 

15 

8.994 

9.244 

9.494 

9.744 

9.994 

10.244 

10.494 

10.994 

20 

7.358 

7.608 

7.858 

8.108 

8.358 

8.608 

8.858 

9.358 

25 

6.401 

6.651 

6.901 

7.151 

7.401 

7.651 

7.901 

8.401 

30 

5.783 

6.033 

6.283 

6.533 

6.783 

7.033 

7.283 

7.783 

35 

5.358 

5.608 

5.858 

6.108 

6.358 

6.608 

6.858 

7.368 

40 

5.052 

5.302 

5.552 

5.802 

6.052 

6.302 

6.552 

7.052 

45 

4.826 

5.076 

5.326 

5.576 

5.826 

6.076 

6.326 

6.826 

50 

4.655 

4.905 

5.155 

5.405 

5.655 

5.905 

6.155 

6.655 
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AnntMl  cost  of  a  t -dollar  sinking-fund  bond  for  different  terms ,  interest 
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itrrmtf 

KR  ON 

TIBM 

RATX  OP  INTXRBn  ON  BONX>S,  PBR  CBNT 

BINS' 

nfo 

VUMD 

4 

4.25 

4.6 

4.75 

5 

5.35 

5.5 

6 

pfretiU 

yeort 

eenU 

etnit 

eenU 

etnit 

eenit 

emte 

centa 

e$nU 

4.5 

5 

22.279 

22.529 

22.779 

23.029 

23.279 

23.529 

23.779 

24.279 

10 

12.138 

12.388 

12.638 

12.888 

13.138 

13.388 

13.638 

14.138 

15 

8.811 

9.061 

9.311 

9.561 

9.811 

10.061 

10.311 

10.811 

20 

7.188 

7.438 

7.688 

7.938 

8.188 

8.438 

8.688 

9.188 

25 

6.244 

6.494 

6.744 

6.994 

7.244 

7.494 

7.744 

8.244 

30 

5.639 

5.889 

6.139 

6.389 

6.639 

6.889 

7.139 

7.639 

35 

5.227 

5.477 

5.727 

5.977 

6.227 

6.477 

6.727 

7.227 

40 

4.934 

5.184 

5.434 

5.684 

5.934 

6.184 

6.434 

6.934 

45 

4.720 

4.970 

5.220 

5.470 

5.720 

5.970 

6.220 

6.720 

50 

4.560 

4.810 

5.060 

5.310 

5.560 

5.810 

6.060 

6.560 

SmNBT  SFITZBR  &  COMPAKT 

We  Buy  County  Bonds 

Sritaer  Buildinff,  TOLBDO,  OHIO 

Kew  ToriE  Chicago  Cindniutl 


The  Safe  Deposit  &  Trust  Co. 
of  Pittsburgh 

Dealers  in 
MUNICIPAL  BONDS 

Pittsburgh*  Ps. 


Powell,  Garard  &  Company 

Purefaaaen  of  Cknxnty,  Road,  Sobool,  City, 
Township  and  Public  Improvement  Bonda 

39  S.  LaSalle  Street 
CHICAGO 


Walter  B.  Orthwein 

Road  Bonda  Bought  from  Publie  Boards 
and  Contraoton 

220  ir.rsorth  Street     ST.  LOUIS.  MO. 


BAKER.  WATTS  &  COMPANY 

Bankers 

We  purchase  State,  City  and 
County  Bonds 

Southern  issues  a  specialty 

Cerrespendence  inrited  from  Municipal 
Offidala,  Banks,  and  Private  Inrestors 

We  will  be  glad  to  give  such  informa- 
tion aa  Pnblio  O^iab  may  require 
intheprepaiationofthflirbondiaauea. 

Calvert  and  German  Streets 

%  Md. 


The  New  First  National  Bank 

Asswn,  28.000,000 

Dealers  in 
County  and  District  Bonds 

COLUMBUS.  OHIO 

Cusunlngs,  Prudden  ft  Company 

PUBLIC  WORKS  BONDS 
BOUGHT 

TOLEDO,  OHIO 

Seeand  Rstlaasl  Bank  Building 


Annual  cost  of  a  I'doUar  annuity  bond  for  different  terme  and  ralee  ofiniereet 


SATB  or  nmnwv  ox  bonds. 

FU  OUT 

4 

4.2S 

4.6 

4.75 

s 

5.25 

5.5 

6 

VMT* 

Mills 

etftU 

Mnte 

ctnU 

Mfllf 

esnto 

etfite 

etnte 

5 

22.462 

22.621 

22.779 

22.938 

23.097 

23.257 

23.418 

23.740 

10 

12.329 

12.483 

12.638 

12.794 

12.950 

13.108 

13.267 

13.587 

15 

8.994 

9.152 

9.311 

9.472 

9.634 

9.798 

9.963 

10.296 

20 

7.358 

7.522 

7.688 

7.855 

8.024 

8.195 

8.368 

8.718 

25 

6.401 

6.571 

6.744 

6.919 

7.095 

7.274 

7.455 

7.823 

30 

5.783 

5.960 

6.139 

6.321 

6.505 

6.692 

6.880 

7.265 

35 

5.358 

5.541 

5.727 

5.916 

6.107 

6.301 

6.497 

6.897 

40 

5.052 

5.242 

5.434 

5.630 

5.828 

6.029 

6.232 

6.646 

45 

4.826 

5.022 

5.220 

5.422 

5.626 

5.833 

6.043 

6.470 

50 

4.655 

4.856 

5.060 

5.267 

5.478 

5.691 

5.906 

6.344 

VariaJtione  in  annual  cost  of  a  l-doUar  eerial  bond  for  different  terme  and 
rates  of  intereett  the  principal  being  retired  by  the  same  amount  at  the 

end  of  each  year 


10 


15 


20 


25 


30 


35 


40 


45 


50 


First  year 

Last  year 

Average 

First  year 

Last  year 

Average 

First  year 

Last  year 

Average 

First  year 

Last  year 

Average 

First  year 

Last  year 

Average 

First  year 

Last  year 

Average 

First  year 

Last  year 

Average 

First  3rear 

Last  year 

Average 

First  year 

Last  year 

Average 

First  year 

Last  year 

Average 


HATS  OF  nmnuBBT,  FUt  cniT 


4.S6 


etniM 

24.000 
20.800 
22.400 

14.000 
10.400 
12.200 

10.667 
6.933 
8.800 

.9.000 
5.200 
7.100 

8.000 
4.160 
6.080 

7.333 
3.467 
5.400 

6.857 
2.971 
4.914 

6.500 
2.600 
4.550 

6.222 
6.311 
4.267 

6.000 
2.060 
4.040 


4.5 


evnte 

24.250 
20.850 
22.550 

14.250 
10.425 
12.337 

10.917 
6.960 
8.933 

9.250 
5.213 
7.231 

8.250 
4.170 
6.210 

7.583 
3.475 
5.530 

7.107 
2.978 
5.047 

6.750 
2.606 
4.678 

6.472 
3.316 
4.394 

6.250 
2.085 
4.167 


ctmU 

24.500 
20.900 
22.700 

14.500 
10.450 
12.475 

11 . 167 
6.967 
9.067 

9.500 
5.225 
7.362 

8.500 
4.180 
6.340 

7.833 
3.483 
5.658 

7.357 
2.985 
5.171 

7.000 
2.613 
4.806 

6.722 
2.322 
4.522 

6.500 
2.090 
4.295 
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4.75 


eente 

24.725 
20.950 
22.850 

14.750 
10.475 
12.613 

11.417 
6.984 
9.200 

9.750 
5.238 
7.494 

8.750 
4.190 
6.470 

8.083 
3.491 
5.787 

7.607 
2.993 
5.300 

7.250 
2.619 
4.934 

6.972 
2.328 
4.650 

6.750 
2.095 
4.427 


eente 

25.000 
21.000 
23.000 

15.000 
10.500 
12.750 

11.667 
7.000 
9.333 

10.000 
5.250 
7.625 

9.000 
4.200 
6.600 

8.333 
3.500 
5.916 

7.857 
3.000 
5.428 

7.500 
2.625 
5.062 

7.222 
2.333 
4.777 

8.000 
2.100 
4.550 


5.25 


5.5 


emit 

25.250 
21.050 
23.150 

15.250 
10.525 
12.888 

11.917 
7.017 
9.467 

10.250 
5.263 
7.756 

9.250 
4.210 
6.730 

8.583 
3.509 
6.046 

8.107 
3.007 
5.557 

7.750 
2.632 
5.191 

7.472 
2.339 
4.905 

7.250 
2.105 
4.677 


emit 

25.500 
21.100 
23.300 

15.500 
10.550 
13.025 

12.167 
7.034 
9.600 

10.500 
5.275 

7.887 

9.500 
4.220 
6.810 

8.833 
3.517 
6.175 

8.357 
3.014 
5.685 

8.000 
2.640 
5.320 

7.722 
2.344 
5.033 

7.500 
2.110 
4.805 


26.000 
21.200 
23.600 

16.000 
10.600 
13.300 

12.667 
7.067 
9.867 

11.000 
5.287 
8.144 

10.000 
4.240 
7.120 

9.333 
3.535 
6.434 

8.857 
3.028 
5.942 

8.500 
2.654 
5.677 

8.222 
2.355 
5.288 

8.000 
2.120 
5.060 
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Fartoh'ona  in  anniud  eo$t  of  a  l-doUar  deferred  serial  bond  far  different 
terms  and  rates  of  interest^  the  principal  being  retired  by  the  same  amount 
at  the  end  of  each  year  beginninii  with  the  end  of  the  sixth  year 


10 


15 


20 


25 


80 


35 


40 


45 


50 


l-;5yean 

Sixth  year. . . . 

Last  3rear 

Average 

W  years 

Sixtn  year. . . . 

Last  3rear 

Average 

1--5  years 

Sixth  year. . . . 

Last  year 

Average 

1--5  years 

Sixth  year 

Last  year 

Average 

1^-5  years 

Sixth  year 

Last  year 

Average 

1-5  years 

Sixth  year. . . . 

Last  year 

Average 

W  years 

Sixth  year. . . . 

Last  year 

Average 

1-5  years 

Sixth  year 

Last  year 

Average 

1-5  years 

Sixth  year. . . . 

Last  year 

Average 


■in  or  unuunr,  vsb  obmt 


mnta 

4.000 
24.000 
20.800 
13.200 

4.000 
14.000 
10.400 

9.407 

4.000 

10.667 

0.933 

7.600 

4.000 
9.000 
5.200 
.6.480 

4.000 
8.000 
4.160 
5.733 

4.000 
7.333 
3.467 
5.200 

4.000 
6.857 
2.971 
4.800 

4.000 
6.500 
2.600 
4.489 

4.000 
6.222 
2.311 
4.240 


4.95 


4.250 
24.250 
20.850 
13.400 

4.250 
14.250 
10.425 

9.641 

4.250 

10.917 

6.950 

7.762 

4.250 
9.250 
5.213 
6.635 

4.250 
8.250 
4.170 
5.883 

4.250 
7.583 
3.475 
5.347 

4.250 
7.107 
2.978 
4.947 

4.250 
6.750 
2.606 
4.630 

4.250 
6.472 
2.316 
4.380 


4.S 


4.500 
24.500 
20.900 
13.600 

4.500 
14.500 
10.450 

9.817 

4.500 

11.167 

6.967 

7.925 

4.500 
9.500 
5.225 
6.790 

4.500 
8.500 
4.180 
6.033 

4.500 
7.833 
3.483 
5.492 

4.500 
7.357 
2.985 
5.087 

4.500 
7.000 
2.613 
4.772 

4.500 
6.722 
2.322 
4.720 


4.75 


Offllf 

4.750 
24.725 
20.950 
13.800 

4.750 
14.750 
10.475 

9.992 

4.750 

11.417 

6.984 

8.088 


4.750 
9.75010 
5.238 
6.945 


4.750 
8.750 
4.190 
6.183 

4.750 
8.083 
3.491 
5.639 

4.750 
7.607 
2.993 
5.231 

4.750 
7.250 
2.619 
4.914 

4.750 
6.972 
2.328 
4.385 


emit 

5.000 
25.000 
21.000 
14.000 

5.000 
15.000 
10.500 
10.166 

5.000 

11.667 

7.000 

8.260 


5.000 

000 

5.250 

7.100 


5.000 
9.000 
4.200 
6.333 

5.000 
8.333 
3.500 
5.785 

5.000 
7.857 
3.000 
5.375 

5.000 
7.500 
2.625 
5.055 

5.000 
7.222 
2.333 
4.799 


5.tf 


5.260 
25.25025 
21.050 
14.275 


5.250 
15.250 
10.525 
10.342 

5.260 

11.917 

7.017 

8.413 

5.250 

10.250 

5.263 

7.255 

5.250 
9.260 
4.210 
6.483 

5.250 
8.583 
3.509 
5.932 

5.260 
8.107 
3.007 
5.519 

5.250 
7.750 
2.632 
5.198 

5.260 
7.472 
2.839 
4.415 


5.5 


5.500 

.500 

21.100 

14.400 


5.500 
15.500 
10.550 
10.516 

5.500 

12.167 

7.034 

8.575 

5.500 

10.500 

5.275 

7.410 

5.600 
9.500 
4.220 
6.592 

5.500 
8.833 
3.517 
6.079 

5.500 
8.357 
3.014 
5.662 

5.500 
8.000 
2.640 
5.340 

5.500 
7.722 
2.344 
4.530 


e$nt$ 

6.000 
26.000 
21.200 
14.800 

6.000 
16.000 
10.600 
10.867 

6.000 

12.667 

7.067 

8.900 

6.000 

11.000 

5.287 

7.715 

6.000 

10.000 

4.240 

5.933 

6.000 
9.833 
3.535 
6.372 

6.000 
8.857 
3.028 
5.199 

6.000 
8.500 
2.654 
5.624 

6.000 
8.222 
2.355 
4.769 


RESISTANCE  OF  ROADS  TO  TRACTION 

The  resistance  to  traction  of  a  small  number  of  pavements  of 
diifferent  types,  in  different  conditions  was  investigated  in  1915 
by  the  electrical  engineering  department  of  the  Massachusetts 
Institute  of  Technology.  A  half-ton  electric  delivery  wagon  was 
used,  and  each  test  was  made  by  driving  the  wagon  over  the  test 
pavement  in  one  direction  and  then  in  the  other,  so  that  the  ef- 
fect of  the  wind,  if  any,  would  be  neutralized  by  averaging  the 
results  of  the  rtms  in  both  directions.  The  tests  are  described  in 
a  paper  presented  to  the  American  Institute  of  Electrical  Elngi- 
neers  in  June,  1916,  by  Profs.  A.  E.  Kennelly  and  O.  R.  Schurig. 
The  results  were  summarized  in  the  accompanying  illustration. 

Curve  1  is  nearly  fiat,  and  the  authors  state  that  if  the  effect 
of  air  resistance  was  eliminated  from  the  total  resistance  to  trac- 
tion, the  resistance  of  a  good  level  asphalt  pavement  would  be 
about  17  pounds  per  ton  at  all  speeds.  Such  a  pavement  in 
poor  condition  had  a  resistance  of  about  23  pounds  per  ton  when 
the  wagon  ran  at  12  miles  per  hour  and  25  poimds  at  15  miles. 
There  were  no  tests  of  wood  block  pavements  in  poor  condition; 
curve  2  gives  the  results  for  a  good  pavement. 

Curve  3  is  for  a  good  brick  pavement;  the  effect  of  slight  wear 
of  bricks  was  to  increase  the  tractive  resistance  to  25  pounds  per 
ton  at  12  miles  and  about  30  poimds  at  15  miles. 

Curve  4  is  for  a  dry,  hard  water-boimd  macadam  road  in  fair 
condition.  A  similar  road  in  a  dusty  condition  showed  an  in- 
crease of  3  pounds  in  the  resistance  to  traction  at  all  speeds.  A 
poor,  damp  road  in  poor  condition  offered  a  resistance  of  33 
poimds  at  10  miles  and  39  pounds  at  13  miles.  Oiling  a  good 
water-boimd  macadam  road  increased  its  resistance  to  traction 
about  5  pounds,  this  increase  gradually  growing  larger  as  the 
speed  increased. 

Curve  5  is  for  bitiuninous  macadam  in  good  condition.  The 
curve  for  another  road  in  good  condition  began  with  a  resistance 
of  a  little  under  26  pounds  per  ton  at  9  nules  an  hour  and  in- 
creased to  32  pounds  at  14  miles.  An  old  road  of  this  type  in 
poorly  patched  condition  offered  a  resistance  of  about  29  poimds 
at  8  miles  and  37  pounds  at  13  miles.  A  good  road  which  was 
recently  treated  and  still  soft  had  a  resistance  of  33  poimds  at  8 
miles  and  nearly  36  pounds  at  13  miles,  as  shown  in  Curve  9. 
A  very  poor,  soft  road  with  many  holes  had  a  resistance  of  41 
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poimds  at  7  miles  and  54  pounds  at  12  miles,  showing  what  a 
rapid  increase  to  resistance  follows  an  attempt  to  go  at  even 
moderate  speed  over  such  a  road. 
The  authors  make  the  following  comments  of  the  tests: 
There  are  three  principal  elements  which  determine  the  trac- 
tive-resistance curve  for  different  speeds  and  a  given  vehicle,  within 
the  range  of  conditions  covered  by  the  tests. 

The  first  dement  is  a  constant  resistance,  the  magnitude  of 
which  depends  on  the  lack  of  resUience  of  the  road  surface  and 
the  tires,  that  is  to  say,  on  the  energy  losses  due  to  displacement 
of  tire  material  and  roadnsurface  material.    This  constant  ele- 


'22    u 


12      U 


le     18      20     22 

SPEED- KM.  PER  HR. 

t'o    h       ^        i3 

$PEEO- MILES  PER  HR. 


24 


u    h    a 

CuBVEB  Showing  Rbsibtangb  to  Traction  at  Different  Speeds. 


ment  would  be  encountered  upon  a  smooth,  level  road  of  the 
particular  type  considered,  m  the  absence  of  impact,  air  and  wind 
resistance. 

The  second  element  is  an  increasing  resistance  with  increasing 
speed  due  to  impact  losses.  This  resistance  results  from  lack  of 
smoothness  of  the  road  surface  and  varies  approximately  as  the 
second  power  of  the  velocity  at  impact. 

The  third  element  is  an  increasing  resistance  with  increased 
speed.  It  is  due  to  the  air  pressure  against  the  front  of  the 
vehicle  and  varies  approximately  as  the  second  power  of  the 
speed. 
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The  first  dement  is  called  the  diflplaoement  resifl^ 
the  impact  resistance  and  the  Uiird  the  air  resistance.  The 
displacement  resistance  is  very  marked  in  Curve  10,  for  a  granite- 
block  pavement  with  sand  joints.  The  displacement  resist- 
ance varies,  not  only  with  the  type  and  surface  quality  of  the 
road,  but  also  with  ibe  type,  dimensions  and  Quality  of  the  tires 
on  the  wheels.  The  same  tires  were  used  in  we  experiments  by 
Kennelly  and  Schurig.  The  air  resistance  of  a  given  vehicle  at 
any  given  speed  is  the  same  for  all  classes  of  pavement.  The 
impact  resistance  of  a  road  depends  not  only  on  the  type  and 
chiuracter  of  the  road  surface  and  the  sizes  of  its  irregularities, 
but  also  on  the  t3rpe,  dimensions  and  quality  of  the  tires  on  the 
wheels,  the  weight  of  the  truck  and  the  quality  of  its  springs. 

Increasing  the  gross  weight  of  the  vehicle  by  12  per  cent, 
through  load,  was  found  to  have  no  effect  on  tractive  resistance 
within  the  observed  speed  limits  for  smooth  roads  in  good  con- 
dition; but  on  rough  roads,  a  distinct  increase  in  tractive  resist- 
ance with  this  e3ctra  weight  was  observed. 


PATENTS  RELATING  TO  ROADS,  ROAD  MA- 
CHINERY AND  ROAD  MATERIALS  ISSUED 
BY  THE  UNITED  STATES  PATENT 

OFFICE  IN  1916 

Compiled  by  United  States  Office  of  Public  Roads  and 

Rural  Engineering 

1&0,17L  Process  for  the  simultaneous  production  of  soluble  alkali  hy- 
droxids  and  cement-making  material.    A.  W.  He3rman. 

lOOflTB,  Process  for  the  simultaneous  production  of  soluble  alkali  com- 
pounds and  cement-making  materials.    A.  W.  Heyman. 

160j554,    Cast  iron  culvert  pipe.    R.  C.  White. 

160J9i,    Traction  vehicle.    J.  A.  Vansickler. 

161,016.    Road  building  machine.    £.  J.  Akins. 

161, $06.    Rotary  spray  nozzle  for  road  treating  machines.    8.  E.  Finley. 

161,966.  Machine  for  manufacturing  ribbed  and  hillside  paving  blookB. 
J.  B.  Nicholson. 

16B,0$9.    Machine  for  spreading  road  surfacing  material.    G.  Burns. 

16i,8$i.  Draft  attachment  for  automobiles,  (for  pulling  the  machine 
out  of  chuck  holes  and  the  like).    K.  C.  Tnomson. 

16$, $41.    Reinforced  concrete  post.    J.  P.  Kimble. 

16Sfi06.  Art  of  oonvertiag  molten  slag  into  a  highly  porous  mass.  C. 
H.  Schol,  Allendorf,  Germany. 

164,908.    Tractor.    J.  Persley. 

164,607.    Tractor.    Nils  Nilson  and  Leonard  Nilson. 

164^609.    Traction  machine.    N.  and  L.  Nilson. 

164,610.    Traction  machine.    N.  and  L.  Nilson. 

164,634'    Ground  for  cement  coated  walls.    E.  D.  Coddington. 

166,167.  Double  walled  strainer  for  culverts,  drainage  casings,  etc., 
and  connecting  means  therefor.    A.  Smith. 

166,361.  Road  sanding  apparatus  (for  distributing  sand  on  the  surface 
of  roadways,  and  for  projecting  the  sand  with  force  upon  oiled  road- 
ways).   G.  H.  Gray. 

166,4x6.    Culvert.    T.  F.  Lundergan. 

166,708.    Tractor.    J,  W.  Porter. 

166,768.    Preservative  treatment  of  timber.    W.  D.  Clark. 

166,604'  Manhole  cover  fastening,  E.  S.  Quigley,  assignor  to  Quigley 
F^imace  &  Foundry  Co. 

166,960.    Motor  driven  tractor.    E.  Adler. 

166.066.  Steering  gear  for  road  machines  (see  patent  1,130,471).  F.  E. 
Amdt,  assignor  to  Gallon  Iron  Works  ob  Mfg.  Co.,  Gallon,  O. 

166,061.  Roadway  (or  pavement  having  metallic  base  on  which  sur- 
facing material  is  placed).    E.  F.  Kammer. 

166,188.    Road  making  machine.    T.  8.  Culbreath. 

166,197.    Road  scraper.    P.  C.  Elsey. 

166.B46.  Tractor  (with  reference  particularly  to  the  mountings  *for  the 
driving  wheels).    C.  A.  Olson. 
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l,166,iBl.  Ditching  and  grading  machine.    W.  T.  Phippe. 

1,166,664'  Curbing  block.    L.  jDarsento. 

1.167.494.  Highway  track.    F.  J.  Hardecker. 
1,167,496,  Highway  track.    F.  J.  Hardecker. 

1,167,SS6,    Concrete  curb  armor.    C.  A.  Miller  and  C.  K.  Doak. 

1,167,616.    Reinforcing  in  concrete.    H.  C.  Barnes. 

1,168,685,    Combined  road  grader  and  drag.    J.  W.  Woolery. 

1,168,72$,    Road  grader.    £.  B.  Harris. 

1,169,619,    Road  machine.    A.  Conkel. 

1,169,810,    Corner  bar  (for  i>rotecting  concrete).    J.  F.  Havemeyer. 

1,169,864'  Armor  plate  setting  device  (for  the  expansion  joints  of  a  con- 
crete roadwav).  T.  H.  Kiae,  assignor  to  Trussed  Concrete  Steel  Co., 
Detroit.  Mien. 

1,170,969,    Road  grading  machine.    E.  A.  Hyde. 

1,166,609,  Process  of  recovering  solid  by-products  from  wood  pulp  liquor. 
A.  B.  Averst  and  C.  N.  Waite. 

1,166,746,    Apparatus  for  utilising  heat  from  hot  slag.    W.  H.  Daily. 

1,168,570,    Tar  drag.    8.  B.  Sheldon. 

1,168,768,  Process  for  manufacturing  compressed  asphalt  blocks.  C.  B. 
Upham. 

1,168,784'    Drainage  excavator.    M.  Q.  Bunnell. 

1,169,158,    Tractor.    C.  Hibacsko. 

1,169,964*    Drainage  excavator.    M.  G.  Bunnell. 

I,169j569,  Machine  for  loading  earth  and  like  materials.  A.  C.  E. 
Roberts. 

1,169,689,    Drainage  casing  for  culverts,  drain  tiling,  wells,  etc.    A.  Smith. 

1,170,061.    Traction  engine.    M.  J.  Williams  (heavy-duty  type). 

1.170.578.  Plow  (snow  plow).    H.  T.  Toy. 

1,170,599,    Road  grading  machine  and  ditches.    W.  R.  Williams. 

1.171.084.  Road  grader.    £.  E.  Barrett. 

1,171,986,    Road-making  composition.    E.  A.  Paterson. 

1,171,816.    Collapsible  core  for  concrete  culverts.    A.  E.  Camblin. 

1,171,44^-  Rail  nller  (in  connection  with  paving),  H.  C.  Innes,  assignor 
to  The  Philip  Carey  Mfg.  (Do.,  Lockland,  O. 

1,171,491.    Post  mold  (to  mold  concrete  posts  in  place).    D.  L.  Woods. 

1,171,771.    Excavating  machine   (for  ditching).    P.  A.  Christensen. 

1,179,01$.  Road  sanding  machine.  J.  D.  Curtis,  assignor  to  Richard- 
son Mfg.  Co.,  Worcester,  Mass. 

1,179,075.    Gas  traction  engine.    R.  C.  Townsend. 

1,179,995,    Artificial  stone  composition.    Pierre  Robert. 

1,179,805,    Snow  plow.    P.  G.  Paige. 

1.179.495,  Excavator  (power  shovel).  W.  N.  Springer,  assignor  to  Avery 
Co.,  Peoria,  111. 

1,179,559.  Mixmg  machine  (for  paving  and  building  puiposes).  N.  M. 
Roeendahl. 

1.179.579.  Excavator.    M.  G.  Bunnell. 

/ ,  /  78,01 4.    Road  working  machine .    N .  8.  Monroe . 

1,178,016,    Road  machine.    N.  S.  Monroe. 

1,178,016,    Road  working  machine.    N.  S.,  A.  J.,  and  G.  W.  Monroe. 

1.176.085.  Diggine  and  ditch  cleaning  device.  E.  N.  Rich.  (Irrigation 
ditches  and  the  like). 

1,178,818,  Tractor  (direct  drive).    J.  P.  Sohmit. 

1,178,505.  Street  crossing.    A.  Hale. 

1,178,589.  Road  machine.    T.  S.  Rogers. 

1,178,681.  Road  grading  and  ditching  machine.    J.  R.  Pile. 

1,174,960,  Pavement.    T.  F.  McGilvray. 

1,174,651,  Snow  plow.    S.  C.  Repsholdt. 
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1,174,488,    Road  drag.    H.  Eriokson. 

lfl74f80S.    Power  tamping  machine.    C.  E.  Bathrick. 

1,174,906,    Spraying  macmne  (for  trees,  etc.).    A.  O.  Seeger. 

1,174,986.    Ditching  machine.    E.  Jeschke. 

1,176,096.  Tractor  (improved  propelling  and  steering  mechanism).  R. 
V.  Wallace. 

1,176,174.    Rotary  road  grader.    A.  M.  Peterson. 

1,176,268.    Road  machine.    J.  H.  C.  Hird. 

1,176,884.  Center  draft  fair  lead  (for  stump  pullers  and  other  draft  lines). 
B.  £.  Shinoe. 

1,176,422.  Method  of  treating  sulfite  waste  liquor.  W.  K.  Freeman,  as- 
signor to  Hydrolose  Process  Corp.,  New  York. 

1,176,428.  Method  of  treating  waste  sulfite  liquor  and  products  produced 
thereby.    W.  K.  Freeman,  assignor  to  Hvdrolose  Process  Corp. 

1,176,4M.  Cement  com|)08ition  (composed  of  sulfite  waste  of  wood  pulp 
mills,  etc.,  for  flooring,  posts,  etc.,  exposed  to  earthy  ingredients). 
W.  K..  Freeman,  assignor  to  Hydrolose  ra>ces8  Corp. 

1,176,480.    Road  grader.    A.  Frv. 

1,176,461.  Tractor  (to  admit  drive  wheels  being  set  at  different  eleva- 
tions).   £.  E.  Howell. 

1,176,668.    Square  turn  tractor.    N.  Newell. 

1,176,678.    Road  sweeping  machine.    W.  Bamett,  and  J.  Florendine. 

1,176,006.    Process  of  manufacturing  asphalt.    R.  Wallbaumof  Qennany. 

1,176,416.  Concrete  mixer.  E.  Wiet,  assignor  to  Parrott  A  Co.,  San  Fran- 
cisco, Calif. 

1,176,611.    Reversible  concrete  gutter  and  drain  block.    J.  T.  Smith. 

1,177,267.  Process  of  disintegrating  fibrous  material.  R.  P.  Perry, 
assignor  to  Barrett  Mfg.  Co. 

1,177J99.  Sprinkling  attachment  for  automobiles  (for  sprinkling  roads). 
W.  Patterson. 

I,174fl60.    Kominuter  or  lining  plate  for  ball  mills.    A.  V.  Jensen. 

1.174.271.  Tile  laying  machine.    Ml.  C.  Perry. 
1,174,718.    Wheeled  scraper.    O.  P.  Hallock. 

1,176,926.    Breast  cutting  open  ditch  excavator.    M.  G.  Bunnell. 

1,176,4^9.    Ditching  machine.    W.  H.  Alleman. 

1,176,691.    Dras.    N.  S.  Monroe. 

1,176,994-    Mechanically  formed  roadway.    T.  C.  Spelling. 

1,177,166.  Waterproofing  and  weatherproofing  composition.  Hermann  von 
der  Heide,  of  Unna-Konigsbom,  (3ermany. 

1,177,781.  Con vever  control  for  ditchingmachines.  L.  A.  Krupp,  assignor 
to  Buckeye  Traction  Ditcher  Co.,  Findlay,  O. 

1,178,628.    Ditching  machine,    A.  B.  Latham,  and  P.  F.  Cook,  Jr. 

1,178,700.    Pavement  joint.    R.  D.  Baker. 

1,178,766.    Roadway.    R.  P.  Scott. 

1,178,979.  Process  of  binding  roads  and  road  beds  and  composition  there- 
for.   J.  P.  Walsh. 

1,179,000.    Road  drag.    L.  Oast. 

I,179j828.  Power  flusher.  H.  D.  Johnson,  Jr.,  assignor  to  Studebaker 
Corp.,  South  Bend,  Ind. 

1,179,487.    Automobile  track.    L.  Wflliams. 

1,179,608.    Road  drag.    G.  Carroll. 

1,180,287.  Apparatus  for  the  distillation  and  fractionation  of  petroleum 
and  other  liquids.    H.  L.  Burleson  and  P.  W.  Prutsman. 

1.182.272.  Road  drag.    A.  W.  Hodge. 
1,182,779.    Ditching  machine.    C.  Lee. 
1,176,992.    Route  indicator.    W.  E.  Reilly. 
I,i80/f67.    Wheeled  scraper.    J.  E.  Adams. 
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1,181,976.    Fireproof  lubrieatiiuc  oil.    R.  R.  Graf. 

1,18S,6$0.    Graaing  machine.    C.  M.  Anderson. 

l,18t,60U    Process  and  apparatus  for  making;  asphaltum.    M.  J.  Trumble, 

assignor  to  Simplex  Refining  Co.,  of  California. 
lfl8$,S79,    Reinforced  concrete  culvert.    J.  H.  Darrow. 
1,188,070.    Paving  block  construction.    S.  Josten. 
1,188,888,    Chain  drag.    A.  Robertson. 

1.188.606.  Composite  pavement  and  process  of  laying  it.    £.  C.  Wallace. 

1.188.607.  Process  for  producing  wearing  surfaces  for  streets  and  roads. 
E.  C.  Wallace. 

1,188,676.    Rotary  transmission  dynamometer  with  recording  apparatus. 

M.  Rockstroh. 
1,188,860.    Wheeled  scraper.    M.  O.  Bright. 
1,188,864.    Road  Grader.    W.Clark. 
1,184,874.    Street  flushing  apparatus.    J.  M.  ThomiMon. 
1,184,688.    Spring  wheel.    J.  Ehrhard.    (for  automobiles.) 
1,184,684'    Culvert.    C.  J.  Duerrwachter. 

1,184,808.    Apparatus  for  preparing  pavmg  materials.    L.  B.  West. 
1,184,918.    Ditching  machme.    H.  L.  Augur. 
1,184,946.    Wood  paving  block.    W.  J.  Gilbert,  assignor  to  Compressed 

Wood  Preservmg  Co.,  Cincinnati,  O. 
1,186,078.    Arched  crossover  trackway.    A.  N.  Durbin. 
1,186,090.    Road  building  machine.    H.  N.  Hall. 
1,186,891.    Comer  guard  for  concrete  curbing  and  the  like.     A.  E.  Davis. 

1.186.868.  Road  grading  machine.  W.  R.  Williams,  assignor  to  Owens- 
boro  Ditcher  and  Grader  Co.;  Owensboro.  Ky. 

1.186.869.  Road  grading  and  ditching  machine.  W.  R.  Williams,  as- 
signor to  Owensboro  Ditcher  and  Grader  Co.,  Owensboro,  Ky. 

1,186,488.  Guard  structure.    N.  B.  Ellerv. 

1,186, 77 4'  Cementitious  material.    E.  L.  Conwell,  assignor  to  Alumi- 

nate  Patents  Co.,  Philadelphia,  Pa. 

1,186,868.  Road  drag.    R.  H.  Anderson. 

1.186.108.  Arch.    D.  B.  Luten. 

1.186.109.  Bridge.    D.  B.  Luten. 

1.186.110.  Bridj^e.    D.  B.  Luten. 

1,186,876.  Sectional  concrete  culvert.    L.  Chapman. 

1,186,649.  Pavement  plow.    C.  H.  Clark. 

1,186,786.  Road  grader.    A.  J.  and  E.  E.  Akers. 

1.187.000.  Viscoscometer.    C.  O.  Lorens. 

1.187.001.  Ditching  machine.    H.  W.  Luts. 

1,187,888.    Road  planer  and  smoother  or  scraper.    R.  A.  Jones. 

1,187,609.    Sheet  metal  culvert.    J.  H.  Dean. 

1,187.969.  Heating  and  mixing  plant  (heating  mineral  af^gregate  with 
tne  bituminous  cement  for  pavements).  H.  W.  Ash,  assignor  to  War- 
ren Bros.  Co.,  Charleston,  W.  Va. 

1,188,081.    Process  of  treating  bituminous  compositions.    L.  Earschbraon. 

1,188,881.    Snow  plow.    N.  P.  Larsen  and  J.  W.  Coonfield. 

1,188,716.    Road  roller.    F.  H.  Beach. 

1,188,988.    Scarifier.    H.  M.  Gooding. 

1,189,188.    Motor  snow  plow.    J.  A.  iCeller. 

1,189,700.  Machine  and  process  for  mixing  road  material.  W.  L.  Kerlin, 
assignor  to  Willite  Road  Const.  Co. 

1,189,700.  Machine  and  process  for  mixing  road  material.  W.  L.  Kerlin, 
assignor  to  Willite  Koad  Const.  Co. 

1,190,019.  Device  for  heating  and  applying  ooatmg  material  (for  apply- 
ing asphalt).    E.  E.  Scale. 

1,190,086.    Viscosity  testing  apparatus.    H.  F.  Bauer. 
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1,190,BS7.  Road  roller.  J.  H.  Henderson. 
l,190fB67.  Road  roller.  J.  H.  Henderson. 
l,190jS6S.    Road  machine.    F.  E.  Amdt,  assignor  to  Galion  Iron  Works 

A  Mfg.  Co.,  Galion,  O. 
Iyl90fil6,    Plastic  composition  (for  use  in  pavements^  paving  blocks,  etc.) 

H.  P.  Willis,  assignor  to  Willite  Road  Const.  Co. 
1 , 1 90j6SS.    Process  for  the  separation  of  asphaltic  compounds  from  gangue . 

C.  L.  Cook  and  J.  R.  Price. 
1,190,6J(£,    Asphalt  drying,  heating,  and  mixing  plant.    C.  E.  Guelich, 

assignor  to  Guelich  Paving  Process  Co.,  Huron,  S.  D. 
1,191,166.    Road  drag.    B.  1.  Church. 
1,191,S0S,    Method  of  making  pavement.    W.  E.  Hassam  and  H.  Parker, 

assignors  to  Hassam  Pavmg  Co. 
1,191,607.    Spreader  valve  and  pipe  for  oil  distribution.    E.  L.  Mills. 
1,19$,099.    Fire-brick  and  method  of  making  same.    S.  H.  Nordin. 
1,19B,178.    Method  of  treating  roadways.    S.  E.  Finley. 
1,19S,606.    Curb  guard  and  anchoring  and  positioning  device  therefor. 

A.  E.  Davis. 
1,19S,M6.    Road  or  highway.    J.  8.  Blankinship. 
1,19S,469.    Machine  for  spreading  asphalt,  etc.    J.  0.  Fraisher. 
1,199,616.    Road  construction.    F.  E.  Clark. 
i,19S,921.    Road  &n^.    G.  A.  Pollard. 
If  198,988.    Non-slippmg  paving  composition.    P.  F.  Solan  and  H.  8.  Balliet. 

1.194.068.  Stone  spreader.    N.  E.  rope. 

l,196JtT8.    Street-pavement  and  the  method  of  constructing  the  same. 

J.  Scheerer. 
1,196,844.    Road  working  machine.    A.  F.  Feller  and  P.  P.  Musser. 
1,196,868.    Expansion  joint  for  concrete  pavements  or  the  like.    £.  M. 

Liaing. 
1,196,40$.    Railroad  crossing.    H.  Rust. 
1,196,689.    Curb  plate.    G.  A.  Kneese  and  R.  A.  Klassen. 

1.197.069.  Road  drag  attachment.    W.  R.  Schmitt. 
I,197,6t8.    Drag.    HT D.Miller. 

1,197,779.  Snow  plow.    F.  Stenson. 

1,197,948.  Road  drag.    W.  Peltier. 

1,198,107.  Pavement.    W.  F.  Chapman. 

1,198,806.  Wood  flooring.    D.  A.  Young. 

1,198,8$0.  Road  grader.    C.  M.  Brown  and  E.  W.  Patrick. 

1,198,866.  Ditcher  and  grader.    E.  B.  Keams. 

1,198,676.  Road  planer  and  surfacer.    F.  Rawlihgs. 

1,1 98,681  •  Process  and  apparatus  for  laying  pavements.    1.  J.  Hartfeld. 

1,198,684*  Combined  scraper  and  roller.    R.  J.  Wauc^  and  F.  E.  Johnson. 

I,198j769.  Process  of  manufacturing  an  improved  bituminous  substance. 

C.  Richardson. 

1,198,966.  Bituminous  substance.    C.  Richardson. 

1,199,761.  Roadway.    C.W.Baker. 

1,900,118.  Road  drag.    W.  A.  Hunter. 

l,i01,M4^.  Road  machine.    J.  M.  Bresee. 

1,801,4^9.  Bridge  approach.    J.  W.  Fitzgerald. 

1,801,766.  Vehicle  road.    C.  Peel. 

1,801,916.  Road  drag.    M.  T.  Austin. 

1,169,960.  Drainage  system  tester.    G.  L.  Kelly. 

1,177,860.  Manhole.    O.  T.  Dougherty. 

1,808,178.  Protecting  device  for  curbs  and  the  like.    W.  E.  Ficklen. 

1,808,410.  Driveway  paving  block.    B.  Nero. 

1,808,679.  Road  machine.    W.  A.  Dean. 

1,808,188.  Road  drag.    C.  H.  Ellia.   , 
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l^tOS^iSM,  ConcTete  tamper.    E.  G.  Carr. 

i,t04,W'  Concrete  tamiwr.    E.  Q.  Carr. 

I,i04,6$4.  Elastic  bituminoas  spacing  plank  for  pavements.  C.  N.  For- 
rest. 

lyM04,9SL  Curbing  block.    L.  Dargento. 

l,t06,S09,  Road  scraper.    8.  Ashcraft. 

i,t06,86S.  Road  scraper.    M.  W.  Burton. 

l,iOS,948,  Machine  for  treating  earthy  material  with  a  binder.  M.  A. 
Popkess. 

1,906,761,  Process  of  and  apparatus  for  making  roads.    J.  D.  Clarkson. 

I,i06j918.  Machine  for  makmg  asphaltic  or  other  mixtures.    N.  M.  Rosen- 

1,207,997,  Paving.    F.  L.  Keppler. 

1,907,798,  Track.    E.  EUingson. 

l,909j9S8,  Surfacing  mixture  for  pavements  and  other  structures.    Frank 

U.  Welsh. 

1,909,719,  Curb  bar.    T.  H.  Kane. 

1,909,849.  Railway  road  crossing.    H.  C.  Innes. 

1,910,043,  Railway  road  bed.    A.  M.  Bunn. 

1,910,069,  Oil  distributing  apparatus.  N.  V.  Hendricks. 

841  f  188,  Device  for  detectmg  subterranean  waters.    A.  Schmid. 

1,191,916,  Road  indicator.    O.  E.  Joseph. 

1,191,465,  Road  grader.    E.  M.  Raese. 

1,191,870,  Apparatus  for  extracting  volatiles  from  coals,  shales,  lignite, 
and  similar  materials  and  for  refining  the  same.    C.  C.  Bussey. 

1.199.889,  Apparatus  for  use  in  connection  with  the  distillation  of  pe- 
troleum and  products  therefrom.    J.  L.  Gray. 

1,19$,  167.  Road  scraper.    H.  Martin. 

1,199,918,  Roadway  for  vehicles.  R.  H.  Obarr. 

1,199,969,  Plastic  composition  for  making  paving-brick,  building-brick, 

and  building  tile.    Earl  V.  Wagner. 

1,194,400,  Road  grader.    R.  C.  Leslie  and  E.  J.  E.  Schmidt. 

1.194.760,  Asphaltic  products  and  process  of  making  the  same.  L. 
Kirschbraun. 

1,196,001,  Four  horse  evener.    G.  O.  Gullikson. 

1,196,987,  Scarifier.    F.  T.  Moyer. 

1,196,664'  Culvert.    J.  Jarvey. 

1 .196.890,  Concrete  truss  girder  bridge.    J.  V.  Jenkins  and  E.  J.  Creighton. 
1,196,964,  Road  grader.    G.  M.  Huebsch. 

1,199,619,  Road  roller.    J.  F.  Richardson. 

1,199, 909,  Process  for  producing  a  new  motor  spirit.    W.  Landes. 

1,901,949,  Roadmachme.    J.  M.  Bresee. 

1,909,881,  Excavating  apparatus.    W.  F.  Nicodemus. 

1,903,040,  Grubbing  machine.    C.  W.  Nivala. 

1,909,188,  Road  drag.    C.  H.  Ellis. 

1,903,999,  Liquid  fuel  furnace.    W.  A.  White. 

1,903,398.  Concrete  mixer.    R.  C.  Heath. 

1,909,489.  Concrete  tamper.  E.  G.  Carr. 

1,903,676.  Mounting  for  drums  of  concrete  mixers.    E.  W.  Brackenbury. 

1,906,609.  Road  scraper.    S.  Ashcraft. 

1,906,736,  Water-tight  cement  and  process  of  producing  the  same.    As- 

mu8  M.  H.  Hansen  and  Martin  Cf.  J.  Neve. 

1,906,863.  Road  scraper.    M.  W.  Burton. 

1,906,187,  Gravel  conveyor  and  roller.    W.  Whitfield. 

1.906.761 ,  Process  of  an  apparatus  for  making  roads.    J.  D.  Clarkson. 
1,906,879,  Permanent  river  bank  pavement.    Y.  A.  Mattingley  and  W. 

T.  Ridley. 
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1,B06.918.  Machine  for  making  asphaltic  or  other  mixtures.  N.  M.  Rosen- 
dahl. 

IJKftJUyt.  Paving.    F.  L.  Keppler. 

l,B07f6$4.  Elastic  bituminous  spacing  plank  for  pavements.  C.  N.  For- 
rest. 

1,910,617.  Road  grader.    J.  J.  Nilson. 

l,tlOJ86*  Road  orag,  grader,  and  scraper  combined.    W.  S.  Walker. 


TREATISES  ON  ROAD,  BRIDGE,  AND  CULVERT 
CONSTRUCTION  AND  ALLIED  SUBJECTS* 

Furnished  by  the  U.  S,  Office  of  Public  Roads  and  Rural  Engineering. 

Adams,  Hbnbt.  Theory  and  practice  in  designing.  New  York,  N.  Y. 
1011. 

Apams,  Hbnrt.  Reinforced  concrete  construction  in  theory  and  practice, 
and  elementary  manual  for  students  and  others,  by  Hbnrt  Adams  ana 
Ebnkst  R.  Matthbwb.    London,  England,  1911. 

AoANA,  Mabcbuno.  The  value  of  good  roads.  From  the  Philippine 
Agricultural  Review,  October,  1900.  Extract  from  Philippine  Eduea* 
tian.    Vol.  VI,  no.  1,  June,  1909. 

AoG,  T.  R.  The  construction  of  roads  and  pavements.  McGraw-Hill 
book  Company,  New  York,  1916. 

Ago,  T.  R.  and  McCullouqh,  C.  N.  An  investigation  of  concrete 
roadways.    Iowa  State  Highway  Commission.    Ames,  Iowa,    1916. 

AiTKBN,  Thomas.  Irish  Roads  Improvement  Association.  Good  roads; 
how  to  make  and  how  to  maintain  them.  Efficiency  with  economy. 
Belfast,  Ireland,  1902.  Publishers,  W.  and  G.  Baird.  Contains  also: 
Constitution  of  Irish  Roads  Improvement  Association. 

Road  making  and  maintenance:  a  practical  treatise  for  engineers, 
surveyors,  and  others.  With  an  histoncal  sketch  of  ancient  and  modern 
practice.    London,  1907.    Charles  Griffin  and  Company. 

Allbn,  Jamss  Lanb.  The  blue-grass  region  of  Kentucky  and  other  Ken- 
tucky articles.    New  York,  N.  Y.,  1899. 

American  Academy  of  Political  and  Social  Science,  Philadelphia,  Pa.  The 
New  South.    1910. 

American  Highway  Association,  Washington,  D.  C.  The  official  good  roads 
year-book  of  the  United  States.    1012-13-14-16-16-17. 

American  Automobile  Association,  New  York.  N.  Y.  The  automobile 
official  blue  book,  6.  vol.  New  York,  N.  Y.,  1917,  also  numerous 
niaps.    Automobile  Blue  Book  Publishing  Company. 

American  Civil  Engineer's  Pocketbook.  Second  edition.  New  York,  N.  Y., 
1912,  John  Wiley  and  Sons. 

American  Road  Builders*  Association.  Proceedings,  Ist-llth.  New  York 
N.  Y.,  1904-1916.    Published  by  the  Association,  150  Nassau  Street. 

American  Road  Congress,  Richmond,  Va.,  1911.  Atlantic  City,  N.  J., 
1912,  Detroit,  Mich..  1913,  Atlanta,Ga.,  1914,  Oakland,  1915.  Papers, 
addresses  and  resolutions. 

American  School  of  Correspondence,  Chicago.  Bridge  eng^eering:  roof 
trusses:  a  manual  of  practical  instruction  in  the  calculation  and  desiKn 
of  steel  truss  and  girder  bridges  for  railroads  and  highway.  B^ 
Frank  O.  Dxttoitr.  Chicago,  III.,  1908.  Cyclopedia  of  civil  engi- 
neering.   Vol.  1-^.    Chicago,  111.,  1909. 

^  Only  modem  works  in  English,  which  are  easily  obtainable,  have  bees 
given  in  this  list.  Articles  in  periodicals.which  are  both  numerous  and 
valuable,  and  publications  of  the  various  State  organisations  and  federal 
departments  have  been  excluded. 
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Amflrioan  Sodetjy  for  Testinc;  Materials.  Standard  speoifioationa  for  itruo- 
tural  materials.    Philaoelphia,  Pa. 

American  Society  of  Civil  Engineers.  The  maintenance  of  macadam 
and  other  roads.  An  informal  discussion  at  the  annual  conventioBi 
June  25,  1908.    (Reprinted  from  Transactions  V.  61.) 

American  Society  of  Engineering  Contractors.  Advance  copv  of  papers 
.  .  .  .  to  be  presented  before  the  Society  at  their  nrst  annual 
convention  to  be  neld  at  the  Coliseum,  St.  Louis,  Mo.,  1910.  (New 
York,  N.  Y.,  1910. )  (Includes :  Work  preliminary  to  road  construction 
and  street  pavement  maintenance,  by  Greorge  C.  Warren    .     .     .    ) 

Ani>rbw8,  Ewart  Siqmttnd.  Elementary  principles  of  reinforced  con- 
crete construction:  a  text  book  for  the  use  of  students,  engineers, 
architects  and  builders.    London,  England,  1912. 

Andbbwb,  Hibam  B.  The  desijp  of  reinforced  concrete  slalM,  beams  and 
columns.    Boston,  Mass..  1909. 

Akdrbwb,  Horacb.  Earth  settlement  in  city  streets.  1906.  Paper  read 
before  American  Society  of  Municipal  Improvements. 

Appleton's  new  practical  cyclopedia.    Mew  York,  N.  Y.,  1910. 

Association  of  American  rortland  Cement  Manufacturers,  Philadelphia, 
Pa.    Concrete  highways.    Philadelphia,  Pa.,  1913. 

Association  of  American  Portland  Cement  Manufacturers,  Philadelphia. 
Concrete  roads  in  Wayne  County.  By  Edward  N.  Hinbs.  Chicago, 
lU.,  1912. 

Association  for  Standardising  Paving  Specifications.  Annual  report. 
Proceedings,  Ist-^.  Chicago,  111.,  1910-1912.  Published  by  the 
Association,  5917  Winthrop  Avenue,  Chicago. 

Association  of  Western  Portland  Cement  Manufacturers.  Highways  and 
byways.  An  address  uven  by  P.  W.  Rochester  before  the  Washing- 
ton State  Good  Roads  Convention  in  Tacoma,  Washington,  Deoembm* 
5th,  6th  and  7th,  1912. 

Baxbr,  Ira  Osborn.  A  treatise  on  masonry  construction.  'Tenth  edition. 
New  York,  N.  Y.,  1910.    John  Wiley  and  Sons. 

A  treatise  on  roads  and  pavements  second  edition  New  York,  N.  Y., 
1913. 

Balbt,  Jos.  W.  Analysis  of  elastic  arches,  three-'hinged,  two-hinsed  and 
hincplessj  of  steel,  masonry  and  reinforced  concrete.  New  York,  1908. 
Engineenng  News  Publishmg  Company. 

Ballbn,  Dorotht.  Bibliography  of  road-making  and  roads  in  the  United 
Kingdom.  With  an  introauction  by  Sir  George  Gibb.  London,  Eng- 
land, 1914. 

Balunobr,  Waltbr  F.,  and  E.  G.  Pbrrot.  Inspector's  handbook  of 
reinforced  concrete.  New  York,  N.  Y.,  1909.  Engineering  News 
Publishing  Company.  ' 

Barnard,  Gbo,  D.  &  Co.  Road  overseer's  commission  with  road  law. 
St.  Louis.  Mo.,  1893. 

Baubrman,  Hilary.  Text-book  of  systematic  mineralogy.  Fifth  impres- 
sion.   London,  England,  1903. 

Bbx4«a8I8,  E.  S.  River  and  canal  engineering.  Spon  and  Chamberlain, 
New  York,  1913. 

Black,  William  Murray.  The  United  States  public  works.  Contaimng 
a  summary  of  the  methods  of  construction  and  character  of  materials 
and  plant  used  in  the  public  works  under  the  charge  of  the  War  and 
Treasurv  Departments,  and  of  the  Commissioner  of  the  District  of 
Columbia,  including  works  of  river  and  harbor  improvement.  New 
York,  N.Y.,  1895. 

Blakchard,  a.  H.,  Drownb,  H.  B.  Text-book  on  highway  engineering. 
New  York. 
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Blamcbabd,  Abteub  H.    The  construction  and  maintenance  of  European 

roada.    Reprinted  from  the  Journal  of  MasBoehtuetU  Highway  Ab$0' 

etcUton,  June,  1011. 
Elements  of  highway  engineering.    John  Wiley  and  Sons,  Inc.,  New 
York,  1015. 
BoLLBB.  ALntan  P.    Practical  treatise  on  the  construction  of  iron  hidiway 

briages,  for  the  use  of  town  committees.    Fourth  edition.    New  York, 

N.  Y.,  1001.    John  Wiley^  and  Sons. 
Bond,  P.  S.    The  Engineer  in  War.    McGraw-Hill  Book  Co.,  New  York. 
BooBiiAN,  T.  HuoB.    Asphalts,  their  sources  and  utilisations;  asphalt  for 

dustless  roads;  recent  improyements  in  asphalt  industries,  together 

with  addenda  treating  on  general  waterproof  construction.  New  York, 

N.  Y.,  1006.    Published  by  Wm.  T.  Comstock. 
Bouurois,  H.  Pbbct.  Practicsl  road  ensineering  for  the  new  traffic  require- 
ments.   Compiled  from  the  SpeciaP'Roadr '  issues  of  the  Surveyor  and 

Municipal  aiM  County  Engineer.    London,  England,  1010.    llie  St. 

Bride's  Press. 
BowUBB,  OuTBB.    Tables  for  the  determination  of  common  rocks.    New 

York.  N.  Y.,  1010. 
Bbabdt,  C.  E.    Road  locating  and  building  simplified.    Cumberland, 

Md.,  1006. 
Bbbbd,  Chablbs  B.    The  principles  and  practice  of  surveying.    Vol.  I. 

Elementary  surveying.    Vol.  II.    Hidier  surve^ring.    By  Chablbs 

B.  Bbbbd  and  Qbobgb  L.  Hosiibb.    vol.  1,  third  edition.    Vol.  2, 

first  edition.    New  York,  N.  Y.,  1006.    John  Wiley  and  Sons. 
Bbuob,  Hbnbt  a.  B.    Daniel  Boone  and  the  Wilderness  road.    New  York, 

N.  Y.,  1010. 
The  national  road.    Clinton,  Oneida  County,  New  York. 
BuBNAP,  Gbobob.    Parks:  Their  design,  eauipment  and  use. 
Bttbxbidb,  Wm.    Bridse  foundations.    D.  Van  Nostrand  Co.,  New  York. 
BuBB,  William  H.    The  design  and  construction  of  metallic  bridges^  bv 

William  H.  Bubb  and  Mtbon  S.  Falk.    Second  edition,  revised. 

New  York,  N.  Y.,  1008.    John  Wilev  and  Sons. 
The  elasticity  and  resistance  of  the  materials  of  engineering.    Sixth 

edition,  revisea  and  enlarged.    New  York,  N.  Y.,  1011.    John  Wiley 

and  Sons. 
The  graphic  method  by  influence  lines  for  bridge  and  roof  comj>u- 

tations,  by  Wiluam  H.  Bubb  and  Mtbon  S.  Falk.    Second  edition. 

New  York,  N.  Y.,  1000.    John  Wilev  and  Sons. 

Suspension  bridges,  arch  ribs  and  cantilevers.     1st  edition.     New 

York,  N.Y;,  1018. 
Btbmb,  Austin  T.    Inspection  of  the  materials  and  workmanship  employed 

in  construction,    oecond  edition,  revised  and  enlarged.    New  York. 

N.  Y.,  1006.    John  Wiley  and  Sons. 
A  treatise  on  highwav  construction,  designated  as  a  textbook  and 

work  of  reference  in  the  location,  construction,  or  maintenance  of  roads, 

streets  and  pavements.    Fifth  revised  and  enlarged  edition.    New 

York,  N.  Y.,  1007.    John  Wiley  and  Sons. 
Cain,  William.    Earth  pressure,  retaining  walls  and  bins.    John  Wiley 

A  Sons,  New  York. 
Califomia,  Los  Angeles.    Department  of  Public  Service.    Construction 

of  the  Los  ^geles  Aqueduct.    1016. 
Canada.     Department  of  Mines.     Ottawa.     Road  material  surveys  in 

1014. 
Cabtbmtbb,  Rolla  C.  and  Dibdbichs,  Hbbmann.    Experimental  engineer- 
ing and  manual  for  testing.    Seventh  edition,  rewritten  and  enlarged. 

New  York»  N.  Y.,  1011.    John  Wiley  and  Sons. 
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Ca&ybr,  Thohab  Nixon     Principles  of  rural  economics.    Boston,  Mass., 

1911. 
Cbambbrlain.   Lawrbncb.    The  principles  of  bond  investment.    New 
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South  Carolina  Geological  Survey,  Dr.  Stephen  Taber,  State  geologist, 
Columbia,  S.  C. 

South  Dakota  Department  of  Geology,  Prof.  Freeman  Ward,  State  geolo- 
gist, Vermilion,  South  Dakota. 

Tennessee  Geological  Survey,  Prof.  A.  H.  Purdue,  State  geologist,  Capitol 
Annex,  Nashville,  Tennessee.  . 

Texas  Bureau  of  Economic  Geology  and  Technology,  Dr.  J.  A.  Udden, 
director,  Austin,  Texas. 

Vermont  Geoloncal  Survey,  Prof.  George  H.  Perkins,  State  geologist, 
Burlington,  Vermont. 

Virginia  Geological  Survey,  Dr.  Thos.  L.  Watson,  director,  Charlottesville, 
Virginia. 

Washington  Geological  Survey,  Prof.  Henry  Landes,  State  geologist,  Uni- 
versity Station,  Seattle,  Washington. 

West  Virgmia  Geolog;ical  Survey,  Prof.  I.  C.  White,  State  geologist,  Morgan* 
town.  West  Virginia. 

Wuconsin  State  Geolo^cal  and  Natural  History^  Survey,  Dr.  E.  A.  Birge, 
director  and  superintendent,  W.  O.  Hotchkiss,  State  geologist,  Mad- 
ison, Wisconsin. 

Wyoming  Geological  Survey,  L.W.Trumbull,  State  geologist,  Cheyenne, 
Wyoming. 


RURAL  PUBLIC  ROADS  OF  UNITED  STATES 

AT  CLOSE  OF  1915 

Circvlar  $Sy  United  States   Department  of  Agriculture.    Prepared  by  the 
Division  of  Road  Economics,  Office  of  Public  Roads  and  Rural 

Engineering. 


■TATI 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts. . 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina. 
North  Dakota. . 

Ohio 

Oklahoma 

Oregon 

Pennsylvania. . . 
Rhode  Island... 
South  Carolina. 
South  Dakota. . 

Tennessee , 

Texas 

Utah 

Vermont , 

Virginia 

Washington 

West  Virginia. . 

Wisconsin 

Wyoming 


Total, 


TOTAZ< 
BUBAL 
BO  ADS 


mileB 

55,446 
12,075 
50,743 
61,038 
39,691 
14,061 
3,674 
17,995 
84,770 
23,109 
94,141 
63,370 

106,847 

111,536 
57,916 
24,562 
25,528 
16,458 
18,681 
74,089 
93,500 
45,778 
96,124 
39,204 
80,338 
15,000 
14,020 
14,817 
11,873 
80,112 
50,758 
68,000 
86,453 

107,916 
36,819 
91,556 
2,121 
42,220 
96,306 
46,050 

128,960 
15,000 
15,082 
53,388 
42,428 
32,024 
75,702 
14,381 


2,451,660 


TOTAL 

BUBFACBD 

BOADB 


milea 

5,915 

350 

1,200 

13,000 

1,750 

3,200 

300 

3,500 

13,000 

950 

11,000 

27,000 

1,000 

1,250 

13,000 

2,250 

3,000 

2,950 

8,800 

8,600 

6,500 

2,500 

8,000 

775 

500 

75 

1,800 

4,600 

450 

17,500 

6,500 

1,100 

30,920 

300 

7,780 

9,883 

1,246 

3,500 

850 

8,625 

12,000 

1,053 

3,478 

4,760 

5,460 

1,200 

14,050 

500 


276,920 


O 


9 

gs 

« 

Pi 


< 

o  • 


10.7 

2.9 

2.3 

21.3 

4.4 

22.7 

8.0 

19.4 

15.3 

4.1 

11.7 

42.6 

1.0 

1.1 

22.1 

9.1 

11.7 

17.9 

46.6 

11.6 

5.9 

5.5 

8.3 

2.0 

0.6 

0.5 

12.8 

31.0 

3.8 

21.8 

12.8 

1.6 

35.8 

0.3 

21.1 

10.8 

58.8 

8.3 

0.9 

18.7 

9.3 

7.0 

23.1 

8.9 

12.8 

3.7 

18.5 

3.5 


11.3 


CASB 

BXPEMDITCBM 

FOB  BOADB 

IN  1915 


$4,283,207 
1,076,178 
2,803,000 

20,753,281 
2,193,000 
3,484,944 
397,500 
5,501,135 
3,700,000 
1,974,636 
9,263,995 

13,000,000 

13,606,299 
5,510,000 
3,122,430 
3,569,709 
3,293,902 
5,630,000 
6,657,279 

10,174,738 
8,292,000 
2,900,000 
8,369,189 
3,676,318 
3,520,000 
250,000 
2,363,414 
7,163,584 
584,919 

24,255,648 
6,610,000 
2,500,700 

12,975,688 
3,410,000 
6,182,000 

12,541,257 
594,119 
1,000,000 
1,450,000 
3,503,500 
9,500,000 
1,213,100 
1,475,145 
4,018,399 
6,670,702 
2,759,212 
9,960,980 
441,291 


$266,976,399 


TOTAL  BTATB 

FUNDS 

FOB  BOADB  TO 

JANUABT  1, 

1916 


$586,405 

1,039,388 

165,000 

16,671,091 

1,024,751 

17,019,120 

224,695 

1,135 

57i2*  8i2 
1,686,627 


255,935 

30,000 

616,716 

606,327 

5,865,209 

17,583,142 

18,999,992 

3,182,701 

4,288,174 

'  1,791,  i72 

34,346 

377,850 

20,000 

3,259,789 

8,355,676 

662,955 

96,622,498 

38,500 


8,566,275 

30,323 

418,975 

30,801,211 

3,907,784 


3,500 


809,732 
3,671,564 
2,713,650 
8,552,789 

U30,978 

4,219,001 

43,237 


$265,360,824 


1  Of  this  $113,000  was  returned  to  the  counties  in  1911  by  act  of  legiBlature. 
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REVENUES  USED  IN  1914  IN  EACH  STATE  FOR 
PUBLIC  ROAD  AND  BRIDGE  PURPOSES  AND 
TOTAL  OUTSTANDING  BONDS  FOR  ROADS 
AND  BRIDGES  AT  CLOSE  OF  1914 

From  BvUetin  S90,  U.  S,  DepartmerU  of  AgrieuUure,  Prepared  by  the  Office 

of  Public  Roade  and  xU  State  CoUaborators 


OTAfB 


Alabama 

Arisona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

T^frPfAif 

Kentuciqr 

Louisiana 

Maine 

Maryland 

Massaohusetts... 

Michigan 

Minnesota 

Mississippi 

Missouri 

Montana 

Nebraska 

Nevada 

New  Hampshire. . 

New  Jersey 

New  Mexico 

New  York 

North  Carolina.. . 

North  Dakota 

Ohio 

Oklahoma 

Oregon 

Pennsylvania — 

Rhode  Island 

South  Carolina.. . 
South  Dakota.. . . 

Tennessee. 

Texas 

Utah 

Vermont 

Virginia 

Washin^n 

West  Virginia 

Wisconsin 

Wyoming 


PUaUO  BOAD  AlTD  BBIOaB  EBVBIIU— 


Ttotel 


t3|049,019.00 

082,721.22 

1,622,606.20 

19,171,984.66 
1,937,546.23 
3,640,962.75 
511,628.00 
2,280,255.09 
3,688,172.25 
1,371,468.59 
8,734,712.77 

14,233,985.93 

10,187,507.32 
5,544,048.00 
2,474,621.00 
1,777,572.12 
2,642,006.79 
6,000,652.03 


6,091,875.30326.08 


9,261,998.001124.84 

6.458.940.07  69.06 

3.960.377.00  86.51 
5,513,048.71  57.40 
2,888,400.61  73.67 
1,796,277.69  22.37 

245,013.65  20.11 
1,590,464.11113.44 

7.208.287.08  486.49 
556,398.82  46.86 

23,231,964.02  292.60 
5,215,490.78102.76 
2,402,383.52  34.92 

14,334,245.98165.99 
2,112,680.80  19.57 
5,310,466.76144.23 

10,424,580.00113.86 
446,496.05  205.76 
1,024,480.37  24.26 
1,217,809.42  12.64 
2,370,560.16  51.48 
9,920,079.11  76.92 
803,070.63  91.15 

1.023.941.01  71.86 
3,224,528.82  60.39 
7,944,717.38187.25 
2,483,747.00  77.55 
9,880,340.50130.50 

669,661.16  44.06 


11 


171.22 

81.38 

30.00 

314.09 

48.70 

258.90 

139.25 

126.71 

45.72 

56.22 

91.32 

194.06 

97.88 

49.92 

42.52 

72.37 

112.25 

364.60 


Total  or  ave....  t240,263,784. 46 $98.22 


$77 

8 

28 

123 

18 

756 

260 

41 

62 

16 

165 

394 

183 

67 

61 

39 

88 

603 

768 

161 

79 

85 

80 

19 

23 

2 

176 

969 

4 

467 

107 

34 

351 

30 

55 

232 

418 

33 

16 

66 

37 

9 

112 

80 

118 

103 

178 

6 


.01 

.63 

.99 

.17 

.69 

.50 

.37 

.56 

.80 

.45 

.86 

.89 

.27 

.79 

.58 

.10 

.37 

.62 

.00 

.13 

.88 

.42 

.22 

.75 

.38 

.23 

.11 

.00 

.54 

.00 

.00 

.23 

.84 

.46 

.54 

.00 

.60 

.59 

.84 

.861 

.80 

.77 

.22 

.08 

.87 

.39 

.81 

.86 


S 

i 


$1,840 
4.810 
0.960 
8.060 
2.420 
3.260 
2.520 
3.020 
1.410 
4.2101 
1.540 
5.270 
4.680 
3.280 
1.080 
1.073 
3.650 
4.630 
1.810 
3.290 
3.110 
2.200 
1.670 
7.680 
1.510 
2.990 
3.690 
2.830 
1.690 
2.640 
2.360 
4.160 
3.000 
1.274 
7.8901 
1.360 
0.820 
0.670 
2.080 
1.080 
2.540 
2.160 
2.870 
1.660 
6.960 
2.030 
4.230 
4.590 


$0.6900 
0.7000 
0.3600 
0.6600 
0.4600 
0.3600 
0.5450 
1.0700 
0.4370 
0.8200 
0.3700 
0.7500 
1.1300 
0.2000 
0.2390 
0.3220 
0.6330 
0.4860 
0.1270 
0.4000 
0.4400 
0.9620 
0.3000 
0.8300 
0.3900 
0.2400 
0.3620 
0.2890 
0.7700 
0.2080 
0.6970 
0.6800 
0.2200 
0.1769 
0.5900 
0.2060 
0.0720 
0.3510 
0.3400 
0.3780 
0.3910 
0.4000 
0.4620 
0.3720 
0.7900 
0.2120 
0.4000 
0.370(^ 


TOTAL 

LOQAI 


$80.79  $2,620  $0.3500 


■r  AXB  AKD 


$5,418,000.00 

296,000.00 

1,467,066.00 

32,277,000.00 

90,600.00 

7,000,000.00 

1,280,000.00 

5,959,199.00 

127,500.00 

1,339,000.00 

798,761.55 

42,096,357.34 

1,960,780.00 


705,000.00 

1,588,836.00 

786,000.00 

12,863,700.00 

10,306,522.82 

10,389,029.43 

1,411,889.00 

8,327,172.00 

522,600.00 

2,224,050.72 

'"*38id66.66 
675,000.00 

14,011,337.00 
167,000.00 

76,822,088.00 
8,955,300.00 


31,175,968.53 
1,440,000.00 
1,615,000.00 

27,547,659.00 

1,800,000.00 

460,000.00 

*  6,898,277.66 

14,616,017.00 

641,600.00 

'  '6,650,994!  93 

1,666,000.00 

1,303,000.00 

281,078.00 


$344,763,082.32 
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EXTENT  OF  SURFACED  ROADS  IN  THE  UNITED 
STATES  AT  THE  CLOSE  OF  1914 

Prom  BvUetin  S90,  U,  S,  Department  of  Agriculture,  Prepared  by  the  Office  of 

Public  Roade  and  its  State  CoUaboratore 


ITATB 


Alabam*. 
Arisona.. 


California. . . 

Coloredo 

Connecticut. 

Delaware 

Florida 

Georgia 

Idaho 

Illinois 

Indiana. 

Iowa 


UACADJM 


Kentucky 

Loaisiana. 

Maine 

Maryland 

Ma«achiuetta 

ifi^iiijftn , 

Minnesota..... 

MisBissipiri 

MJsBoun 

Montana. 

Nehrsska 

Nevada 

New  Hamp- 
shire  

New  Jersey..., 
New  Meiioo... 

New  York 

North  Carolina 
North  Dakota. 

Ohio 

Oklahoma  .... 

Oregon 

Pennsylvania.. 
Rhode  Island.. 
South  Carolina 
South  Dakota. 


Utah 

Vermont 

Virdnia 

Washington 

West  Virginia... 

Wlaeonsin 

Wsroming 


Total. 


Percent. 


mtlM 

481.00 

11.23 

S62.60 

837.40 

3.00 

928.42 

161.00 

829.10 

234.00 

42. M 

1,078.11 

10,291.29 

171.30 

104.30 

10,828.00 


85.36 

488.70 

834.80 

1,021.19 

120.26 

86.00 

1,831.06 

78.00 

89.21 

2.00 

61.87 
1,809.24 


BITUm- 

MOUS 

MACABAM 


ndUa 

31.00 

13.60 

4.00 

877.90 


128.28 
36.50 
42.80 
87.00 
12.00 
121.63 
168.35 


50.03 


6,717.97 
Ull.OO 


12,903.87 

6.70 

1.000.72 

1.881.80* 

852.92 

27.60 


4.660.50 

611.00 

49.00 

1.94 

1,177.89 

602.82 

771.92 

1.408.00 


64.808.43 


26.22 


43.98 
1,0(2.31 
1.337.33 
94.50 
19.00 
29.50 
59.00 


1.30 


154.26 

417.63 

5.00 

8.168.68 

9.00 


1,066.29 

8.00 

137.26 

196.33* 

107.40 

3.60 

10.00 

148.00 

181.00 

15.60 


255.77 

165.52 

62.06 

183.00 


10.499.79 


4.08 


GBATBL 


mU»9 

2.689.60 

126.70 

686.00 
8,663.69 

574.25 

1,057.93 

21.00 

42.60 

1,073.00 

168.00 

7,062.80 

20.264.69 

413.00 

151.86 
1,713.60 

480.00 
1.139.36 

243.96 
6,289.57 
6,230.26 
2,825.26 
1,281.10 
8,671.50 

514.26 
21.00 

198.00 

1,013.70 
2,858.52 

184.00 
5,802.07 

629.00 

965.00 

15,385.93 

6.90 

3,060.15 

235.19* 

230.10 
85.00 

212.00 
2.788.00 
5,268.98 

686.75 
1,166.42 

822.09 
8,924.48 

20.60 
9.697.00 

52.60 


116.068.12 


45.11 


•AWD 
CLAT 


1,916.00 
45.00 
175.00 
582.26 
450.12 
840.27 


1.163.00 

10,778.00 

449.00 

2,467.95 

150.26 

23.00 

768.60 


1.448.00 

2.26 

69.00 


miUa 


1.83 


250.24 
1.72 


82.92 
84.75 


4.10 
.25 


oow- 


1.00 


21.00 

929.19 

2.26 

24.22 


12.00 

.40 

4.60 

148.80 

53.17 

6.n 

1.86 
2.60 


.06 


1,375.27 

985.88 

604.26 

1.442.25 

14.00 

1.131.10 

67.00 

270.90 

661.40 

72.50 


4.818.60 


211.00 
106.00 
800.00 


3,101.00 
129.00 
613.00 

8,490.48 
401.00 


1.511.66 
83.50 


2,064.00 


44,154.73 


17.16 


.60 

i'.oo 

'2!46 


148.68 


640.41 


269.33* 


.60 


26.35 

121.10 

2.40 


1.598.88 


0.62 


10.51 
189.34 


LAmomi 


107.80 

17.50 

14.00 

2.77 


7.53 


7.07 


244.10 
1.26 


816.67 


28.41 


2.00 

11.26 

2.50 


79.42 
18.50 
83.07 


3,348.48 


0.91 


mflss 

20.00 
68.00 


TOTAL 
■inVAflBO 


8,489.40 
164.25 


25.60 

484.77 

168.00 

8.00 

57.70 


1.50 
88.75 


180.62 

1.610.89 

456.96 

44.69 


118.60 
6.00 
8.00 
2.00 


151.88 
250.67 


663.61 
40.00 


46.00 


199.87 

7.898.28 

8.00 

68.60 

12.00 


1.074.08 


274.67 
142.17 
140.00 
70.00 
72.00 
416.00 


17.788.16 


6.90 


mflss 

4.968.60 

268.48 

1.007.60 

10.270.78 

1,103.87 

2.975.46 

248.50 

2.830.47 

12.842.12 

679.00 

11.606.81 

80.962.40 

614.57 

1.148.86 

12.408.28 

2.067.62 

2,762.86 

2.489.26 

8.506.80 

7,828.51 

8,967.88 

2.138.86 

6.712.67 

609.26 

1.204.64 

262.00 

1.660.68 
6.897.46 

261.60 

15.686.90 

6.008.7A 

966.00 
80.560.17 

121.60 
4.736.40 

082.88 

608.42 
3.270.60 

368.00 
8.102.00 
10,626.79 
1.168.76 
1.442.08 
8.900.67 
4.922.00 
1.064.97 
18.899.47 

468.60 


267.291.64 


100.00 


*  State  roads  only. 
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MOTOR-CAR    REGISTRATIONS   AND    GROSS 
MOTOR-VEHICLE  REVENUES,    1913-1915 

Circular  69,  United  States  Department  of  Agriculture.     Prepared  by  the 
IHvision  of  Road  Economics,  Office  of  Public  Roads  and  Rural 

Engineering 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

District  of  Col- 
umbia  

Florida 

Georgia 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts. . 

Michigan 

Minnesota 

Mississippi 

Missoun 

Montana 

Nebraska 

Nevada 

New  Hampshire 

New  Jersey 

New  Mexico 

New  York 

North  Carolina. 
North  Dakota... 

Ohio 

Oklahoma 

Oregon 

Pennsylvania- . . 
Rhode  Island. . . 
South  Carolina*. 
South  Dakota... 


MOTOB-CAB  BKaiBTBATIOKa^ 


1013 


«5,300 

3,613 

3,583 

•100,000 

13,000 

23,200 
2,440 

4,000 

*3,000 

•20,000 

2,113 
94,656 
45,000 

70,299 
34,550 

7,210 

•10,000 

11,022 

14,217 

62,660 

54,366 
46,000 
•3,850 
38,140 
5,916 

13,411 
1,091 
8,237 

51,360 
1,898 

134,495 
10,000 
15,187 
86,156 
•3,000 

13,975 
80,178 
10,295 
10,000 
14,457 


1914 


8,672 

5,040 

5,642 

123,504 

17,756 

27,786 
3,050 

4,833 
*3,368 
20,915 

3,346 

131,140 

66,500 

106,087 
49,374 

11,766 
•12,000 
15,700 
20,213 
77,246 

76,389 
67,862 
5,694 
54,468 
10,200 

16,385 
1,487 
9,571 

62,961 
3,090 

168,223 
14,677 
17,347 

122,504 
13,500 

16,447 
112,854 
12,331 
14,000 
20,929 


1915 


ll,a34 

7,753 

8,021 

163,797 

28,894 

41,121 
5,052 

8,009 

•10,850 

25,000 

7,071 

180,832 

96,915 

145,109 
72,520 

19,500 
11,380 
21,545 
31,047 
102,633 

114,845 

93,269 

9,669 

76,462 

14,540 

59,000 

2,009 

13,449 

81,848 

5,100 

255,242 
21,000 
24,908 

181,332 
25,032 

23,585 
160,137 
16,362 
15,000 
28,724 


TOTAL  OB088   BEVBNUBS 


1913 


$83,000 
27,545 
17,411 
75,000 
60,833 

316,667 
24,735 

13,228 
*6,000 
12,000 

35,160 
507,629 
150,345 

787,411 
186,066 

52,000 
•10,000 
138,509 
150,000 
764,154 

190,329 
40,000 

i73',5i6 
12,000 

26,000 

3,323 

162,834 

661,446 

15,084 

1,275,727 

60,000 

41,961 

457,538 

3,000 

56,873 

841,062 

129,851 

10,000 

89,170 


1914 


$113,202 
34,077 
56,420 

1,338,785 
80,047 

406,623 
35,672 

20,147 

*6,736 

104,575 

58,580 
699,725 
432,309 

1,040,136 
268,471 

85,883 
•12,000 
192,542 
268,231 
923,961 

« 
132,398 

51,146 

235,873 

27,000 

34,325 

4,331 

185,288 

814,536 

19,663 

1,529,852 

89,580 

65,964 

686,457 

13,600 

77,592 

1,186,039 

157,020 

14,000 

125,000 


1915 


$180,744 
45,579 
80,551 

2,027,432 
120,801 

536,970 
55,596 

29,396 
•60,000 
125,000 

121,259 
924,906 
587,318 

1,533,054 
387,588 

117.117 

75,600 

268,412 

386,565 

1,235,724 

373,833 

•160,640 

76,700 

323,289 

33,120 

•183,000 

7.875 

257,776 

1,062,923 

29,625 

1,991,181 

123,000 

79,245 

984,622 

154,892 

108,881 

1,666,276 

206,440 

15,000 

•180,000 
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MotoT'Car  Registrations — Continued 


MOTOB-OAB  BBanSBXTIONSl 

VOTAL  OaOflS  BMVBWUM 

ms 

1914 

1915 

1918 

1914 

1915 

Tennessee 

Texas* 

•10,000 

32,000 

4,000 

5,913 

9,022 

24,178 
6,144 

34,346 
1,584 

•19,769 

40,000 

2,253 

8,475 

13,984 

30,253 
6,159 

53,161 
2,428 

•7,618 

»40,000 

9,177 

11,499 

21,357 

38,823 

13,279 

79,741 

3,976 

•9,000 

16,000 

3,000 

111,460 

83,611 

48,356 

40,000 

190,770 

7,920 

39,538 

20,000 

4,852 

154,267 

120,814 

60,506 

60,648 

293,580 

12,140 

•34,000 
20,000 
•60,000 
218,480 
176,876 

238,717 

128,952 

431,977 

19,880 

Utah 

Vermont 

Virginia. 

Washington 

West  Virginia... 

Wisconsin 

Wyoming 

Total 

1,258,062 

1,711,339 

2,445,664 

8,192,253 

12,381,951 

18,245,711 

*Does  not  include  motor  cycles  nor  dealers'  and  manufacturers'  licenses. 
•Estimated. 

•Registration  law  declared  unconstitutional. 
^  State  registrations  only. 
•Total  cars  registered  under  perennial  system. 
•Registrations  1915  only. 

'American  Highway  Association  receiyed  report  that  there  were  138,866 
automobiles  licensed  on  April  1,  1916. 

PRODUCTION  OF  VITRIFIED  PAVING  BRICK 

IN  THE  UNITED  STATES 


(From  "Mineral  Betotarcea  of  the  United  Stalet,  1916") 


▲TBRJlOB  psicb  pbb 

TSAB 

YALTHB 

IBOUSAITD 

Aouatmit 

1895 

381,591 

$3,130,472 

$8.20 

1896 

320,407 

2,794,585 

8.72 

1897 

435,851 

3,582,037 

8.22 

1898 

474,419 

4,016,822 

8.47 

1899 

580,751 

4,750,424 

8.18 

1900 

546,679 

4,764,124 

8.71 

1901 

605,077 

5,484,134 

9.06 

1902 

617,192 

5,744,530 

9.31 

1903 

654,499 

6,453,849 

9.86 

1904 

735,489 

7,567,425 

10.28 

1905 

665,879 

6,703,710 

10.07 

1906 

751,974 

7,857,768 

10.45 

1907 

876,245 

9,654,282 

11.02 

1908 

978,122 

10,657,476 

10.90 

1909 

1,023,654 

11,269,686 

11.01 

1910 

968,000 

11,004,666 

11.37 

1911 

948,758 

11,116,742 

11.72 

1912 

911,869 

10,921,676 

11.98 

1913 

958,680 

12,138,221 

12.66 

1914 

931,324 

12,500,866 

13.42 

1915 

953,335 

12,230,899 

12.83 
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OUTPUT  OF  VITRIFIED  BRICK  IN  1914  AND 

1915  BY  STATES 

(From  "Mineral  lUtourees  of  the  United  States,  1916") 


1914 

1916 

1 

Quantity 

Value 

Av«r- 

pnoe 

per 

taoii- 

■aikd 

Quantity 

Value 

pnoe 

tbra- 
■and 

Alabama 

Arkansas 

California 

Colorado 

Connecticut 
and  Rhode 
Island 

Florida 

Geor^^a 

Illinois 

Indiana 

Iowa 

18,679 

1,800 

• 

• 
* 

16,470 

167,176 

42,937 

14,997 

50,707 

* 

7^733 
26^217 

* 
• 

31,240 

293,381 

9,912 

151^200 

1,684 

* 

67,750 
39,441 

$248,626 

• 

39,706 

• 
* 

234,866 
2,086,344 
676,892 
211,906 
694,229 

120,562 

424,170 

* 

• 

616,672 
3,682,230 
127,792 
2,062,676 

23,599 

899,215 
662,496 

$13.31 
12.14 
22.06 
11.62 

16.03 
12.00 
14.26 
13.27 
13.44 
14.13 
11.72 
12.74 
15.69 
16.12 
16.18 
22.60 
11.14 
15.00 
10.40 
16.51 
12.55 
12.89 
13.68 
15.26 
14.01 
10.00 
18.99 
13.27 
16.80 

ikotuandi 

29,018 

• 

3^182 

-  e 

17,193 

142,689 

36,237 

20,673 

47,511 

* 

4^420 

« 
e 

661 

« 

24,164 
333,288 

16,637 
124,364 

* 

14,861 
69,474 
59,844 

$374,387 
66,784 

* 

166,086 

1,796,350 

466,873 

300,786 

608,690 

62,238 

* 
* 

8,323 

e 

384,458 
4,017,758 

198,387 
1,638,518 

a 

266,691 
841,067 
853,107 

$12.90 
12.00 
20.99 
11.69 

12.66 

9.66 
12.69 
13.25 
14.62 

Kansas 

Kentucky 

Michigan 

Minnesota 

Missouri 

Montana 

Nebraska 

New  Jersey 

New  Mexico.. . 

New  York 

Ohio 

Oklahoma 

Pennsylvania. . 

Tennessee 

Texas 

12.81 
10.85 
14.08 
14.18 
14.62 
22.01 
14.84 

12.00 
15.92 
12.05 
12.00 
13.18 
14.47 
16.46 

Virginia 

Washington 

West  Virginia. . 
Other  Statest . . 

17.88 
12.11 
14.26 

Total 

931,324 

$12,600,866 

$13.42 

953,336} 

$12,230,899} 

$12.83 

♦  Included  in  "Other  States." 

J  Includes  all  products  made  by  less  than  three  producers  in  one  State. 
In  the  total  quantity  and  total  value  of  vitrined  brick  are  included, 
respectively,  824,359,000  vitrified  brick  sold  for  paving,  valued  at  $11,114.- 
427,  and  128,976,000  vitrified  brick  sold  for  other  uses,  valued  at  $1,116,472. 
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BROKEN  STONE  FOR  ROAD  BUILDING  PRO 
DUCED  IN  THE  UNITED  STATES  IN 

1914  AND  1915 

{From  *'Stone  in  1916,**  Q.  F,  Lougklin,  *'Mineral  Resources  of 

the  United  States 


RATB  OB  TSBBITOXT 


Alabama 

Arizona 

Arkansas 

California 

Colorado 

Connecticut 

Delaware 

Florida 

Geors^ 

Hawaii 

Idaho 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 

Maryland 

Massachusetts. . 

Michigan 

Minnesota 

Missouri 

Montana 

Nebraska 

New  Hampshire. 

New  Jersey 

New  Mexico 

New  York 

North  Carolina. 

Ohio 

Oklahoma 

Oregon 

Pennsylvania. . . 
Rhode  Island . . . 
South  Carolina. . 
South  Dakota. . . 

Tennessee 

Texas 

Utah 

Vermont 

Virginia 

Washinj^on 

West  Virginia. . . 

Wisconsin 

Wyoming 


1014 


Quantity 


Short  tout 

74,014 

2,600 

199,417 

1,707,230 

6,052 

360,443 

53,430 

159,524 

57,553 

41,832 


Value 


$75,528 
4,000 

140,442 

982,321 
10,100 

216,064 
33,501 
84,911 
37,088 
37,049 


1915 


Quantity 


Short  totu 
49,972 

'  li3,'666 

1,567,505 

5,842 

728,014 

21,742 

102,517 

90,244 

34,413 


Vahia 


142,116 

'  76,644 

902,462 

7,178 

330,174 

21,707 

56,381 

54,696 

36,366 


1,838,599 

2,089,103 

19,308 

27,248 

545,878 


893,889 

1,065,360 

17,438 

20,135 

323,075 


5,950 

404,523 

649,144 

530,823 

46,944 

466,143 

4,590 

32,137 

20,936 

827,705 


4,650 

349,833 

594,666 

267,702 

46,172 

363,302 

1,271 

27,300 

13,745 

674,202 


1,625,250 

1,792,261 

32,437 

20,046 

609,995 

830 

1,747 

334,153 

738,015 

510,524 

59,733 

553,049 

23,875 


2.267,264 

65,700 

3,453,360 

15,802 

218,379 

1,640,049 

61,373 

28,425 

14,120 

345,765 

196,051 

16,000 

17,978 

1,931,852 

162,777 

197,245 

1,000,667 


1,408,490 

65,128 

1,748,075 

7,441 

157,267 

1,110,039 

72,255 

27,684 

11,300 

264,288 

119,218 

19,200 

13,563 

1,185,271 

87,259 

113,525 

635,618 


14,845 

1,059,749 

547 

2,900,165 

69,238 

3,088,599 

46,430 

290,648 

1,844,626 

91,872 

27,111 

11,292 

441,298 

269,151 

6,500 

14,929 

2,193,898 

213,039 

196,068 

914,295 


747,718 

910,462 

28,397 

15,591 

379,234 

664 

1,409 

274,644 

599,555 

224,734 

57,286 

383,022 

5,186 


21,786,833 


13,329,366 


22,710,070 


12,416 

822,214 

407 

1,623,570 

73,404 

1,567,676 

29,764 

202,680 

1,218,446 

110,167 

26,666 

8,487 

360,296 

164,866 

3,750 

13,209 

1,638,140 

111,461 

120,106 

666,027 


13,736,646 
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GRAVEL  AND  PAVING  SAND  PRODUCED  IN 
THE  UNITED  STATES  IN  1914  AND  1915 

R.  W.  SUme  in  "Mineral  Retourcet  of  the  UniUd  Statea,  1916" 


FATINOaAND 

GBATBL 

RATB 

1014 

1915 

1014 

1015 

Quantity 
(short 
tons) 

Value 

Quantity 
(short 
tons) 

Value 

Quantity 
(short 
tons) 

Value 

(Quantity 
(short 
tons) 

Value 

Alabama 

Arisona 

5.840 

$4,538 

• 

• 

527,801 

6138,003 

547.656 

• 

831,668 
2,074,000 

• 

16,518 

22,848 

• 

• 

4.424,527 
2.482,022 
1,554,100 

448.897 

• 

854.180 

270.906 

2,457,004 

085,252 

001,110 

1,656,745 

7,422 

118.070 

17,401 

683,200 
2.112.557 

2.828.887 
77.241 

2,816.182 

368.707 

1,814.002 

• 

• 

230.649 

540,653 

1,494.421 

251,216 

519.850 
478.707 
114.278 

1,567,840 

• 

1,551,719 

$116,673 

Arkanmn 

• 
106.578 

• 
26,714 

678,924 

3,258,718 

7,610 

278,876 

595,440 

3.810 

814,003 
700,002 

Califonim 

Colonulo 

173.085 

• 

642,841 

Conneoticttt.... 

• 

20,000 
5,610 

• 

7,000 
1,400 

• 

Florida. 

Gsorcia.. ....... 

Hawaii 

• 
• 

• 
• 

08,435 
12.244 

10.687 
7.876 

4.40S 

15.071 

Idaho 

• 

4,055.210 

4,184,093 

1.087,967 

160.283 

815,796 

738.510 

• 

760.204 

177.642 

2.140,359 

637,900 

1.500.291 

1.321,839 

13,310 

88.026 

670.000 
2,204.880 

2,149,310 

311,059 

10,875 

2.417,805 
505.737 
611.821 

1,766.651 

29.927 
196.909 
445.504 

1.183.646 
184.763 
822 
204.308 
457.137 
455.801 

1,294.803 
718,441 

142,215 

• 

703.422 
602,533 
205.820 
10,512 
208,770 
190,717 

268,338 

50.705 

530,338 

236,704 

354,855 

257,827 

11,070 

16,435 

112,500 
672.433 

801.762 
42,438 
5.725 
654,833 
225,550 
137.221 
387.845 

4.005 

25.603 
183.206 
433.300 

45.162 
300 

87.379 
162.183 
125,618 
843,230 

48,245 

26,206 

• 

121,812 
158,443 
201,000 
137,582 
21,653 

30,851 
55.200 
64.340 
37.206 
14.272 

201.436 
240.053 
203.948 
244.103 

• 

73,645 
66,894 
97,008 
70.311 

885.648 

Indiana. 

Iowa. 

501,508 
313.327 

• 

Kentucky 

162,524 

• 

MaiDf^ , 

• 

Maryland 

ICaasachusetto. . 

Miohigan 

Minnesota. 

Miaeiaaippi 

327,750 
78,380 

320,322 
36,458 

76.212 
33.161 
74.866 
15.666 

163.304 

47.239 

131,466 

« 
• 
• 
• 

71.517 
25,444 
14.021 

• 
« 
* 
• 

284,410 
160,773 
671.070 
175.064 
153.627 

Miesouxi.......: 

Montana 

Nebraska 

N^'Vftdar- 

30,327 
5,250 

^6.485 
610 

226,716 

5.500 

37.888 

1.775 

New     Hamp- 

shird... , 

77,760 
447.388 

New  Jersey 

New  Mexioo.... 

110,260 

30,002 

150.256 
51,863 

i»,6o6 

21.240 

New  York 

North  Carolina 

82,725 

84,148 

080.801 
23.653 

North  Dakota. 

Ohio 

407,025 

134,370 

501.359 

X    104,026 

022,370 

Oklahoma.....  * 

Orecon  ..•....•• 

3,368 
625,171 

2,607 
235,826 

15.218 
291,599 

14.174 
106,828 

118,000 

438.328 

• 

Pennaylyania... 

flouihrVmliniL, 

• 

South  Dakota.. 

Tennessee 

Texas 

• 

6,480 
46,460 
44,445 

• 

2.484 
14,315 
11,300 

• 

13,815 
n,904 

• 

3.552 
2.050 

36,828 
203,867 
303,121 

20.773 

TTtftb    

Vermont 

• 

Virnnia 

Washington 

West  Virginia... 
Wisconsin 

Ws^Y^fniug. . ,, . . . 

• 

363,745 

44,017 

..   222.208 

• 

86,796 
17.819 
71.560 

• 

83,827 

69,598 

206,094 

• 

27.628 
27,230 
67,340 

126,801 

120.016 

43.016 

340.041 

• 

Concealed 

36.645 

13.761 

891,160 

07,138 

443.701 

8.580.171 

1.121,999 

3,381,717 

1 

1,077,346 

39,212,858 

0.308,807 

37,972,548 

0.508.801 

*  Included  in  "Concealed  totals." 
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MARKED  HIGHWAY  ROUTES 

For  a  number  of  years,  associations  have  been  increasing  rap- 
idly in  number  -which  have  for  their  object  the  improvement  of 
highways  ranging  in  length  from  roads  connecting  adjacent 
coimty  seats  to  transcontinental  routes.  Usually  these  routes 
are  marked  more  or  less  fully  by  colored  bands  on  poles,  fences 
and  bridges,  so  that  the  traveler  can  follow  them  easily.  The 
leading  through  routes  in  a  few  States  have  been  marked  in  this 
manner  by  the  State  highway  departments.  So  many  of  these 
routes  were  promoted  in  Iowa  that  a  law  was  passed  in  1913 
enabling  an  association  promoting  any  route  to  register  it.  This 
law  reads  as  follows : 

Anv  association  organized  to  promote  the  improvement  of  any  contin- 
uous nidiway  not  less  than  25  miles  in  length  may,  by  making  applica- 
tion to  tne  State  highway  commission,  re^^ster  in  the  office  of  said  commis- 
sion the  name,  detailed  route,  color  combination  and  design  used  in  mark- 
ing said  route.  The  highway  commission  shall  have  power  to  determine 
priority  of  right  in  the  use  of  the  said  name,  color  combination  and  designs. 

The  application  shall  be  in  the  form  prescribed  by  the  commission  upon 
blanks  furnished  by  it,  and  shall  be  properly  acknowledged  by  the  presi- 
dent and  secretary  of  the  association  before  a  notary.  Said  application 
shall  be  accompamed  by  a  re^stration  fee  of  $5,  which  fee  shall  be  returned 
to  the  association  if  the  application  be  not  granted. 

If  the  State  highway  commission  shall,  after  investigation,  adjudge 
the  application  meritorious  and  the  route  to  be  worthy  of  the  protection 
of  this  act,  it  shall  issue  to  the  association  a  certificate  which  snail  desig- 
nate in  detail  the  name,  the  starting  and  the  terminal  points,  the  color 
combination  and  designs  used  in  marking  the  route;  all  of  which  facts  shall 
be  recorded  as  a  part  of  the  permanent  records  of  the  commission  in  a  book 
kept  for  that  purpose. 

It  shall  be  unlawful  for  any  person  or  association  of  persons  to  use  for 
similar  purposes  the  name,  any  recorded  color  combination  and  designs 
herein  referred  to. 

Any  person  who  shall  injure  or  deface  any  sign  board,  design  or  other 
markings  designating  routes,  shall  be  subject  to  the  provisions  of  Section 
4801  of  the  code. 

When  any  such  highway  association  ceases  to  exist  or  when  the  interest 
in  the  route,  name  and  markings  has  ceased,  the  State  highway  commission 
may,  after  proper  investigation,  cancel  the  records  and  registration  here- 
in referred  to  and  reassic^n  the  name,  color  combination,  designs  or  other 
markings  to  any  association  making  application  for  their  use. 

All  fees  received  by  the  State  highway  commission  under  this  act  shall 
be  turned  into  the  State  treasury. 

Any  person  or  officer  of  any  association  violating  any  of  the  provisions 
of  this  act  shall  be  guilty  of  a  misdemeanor. 

There  have  been  nearly  one  hundred  of  these  routes  promoted 
in  Iowa,  but  only  a  few  of  them  have  been  registered.  Nearly 
fifty  routes  have  been  marked  in  Illinois.  In  both  states  the 
marking  of  the  routes  has  the  approval  of  the  State  highway 
department.  In  a  few  states  opposition  has  been  shown  to  the 
practice  on  the  grotrnd  that  all  signs  on  the  right-of-way  should 
be  placed  and  maintained  by  the  public  officials. 
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AMERICAN  HIGHWAY  ASSOCIATION 


Lincoln  Highway  Association 


LlNCX>LN  HlGHWAT 


Officers. — ^President,  Henry  B.  Joy, 
Detroit;  vice-presidents,  Roy  D.  Cha- 
pin,  Detroit,  and  Carl  G.  Fisher, 
Indianapolis;  secretary,  A.  F.  Be- 
ment,  Detroit;  field  secretary,  H.  C. 
Ostermann,  Detroit;  treasurer,  Emory 
W.  Clark,  Detroit;  directors,  the 
preceding  and  John  N.  Willys,  To- 
ledo, A.  Y.  Gowan,  Chicago,  F.  A. 
Sieberling,  Akron,  Paul  H.  Deming, 
Detroit,  S.  D.  Waldon,  Detroit,  Rus- 
sell A.  Alger,  Detroit,  Albert  Bever- 
idge,  Indianapolis,  James  A.  Allison, 
Indianapolis. 

The  proposal  to  mark  a  highway 
route  from  the  Atlantic  to  the  Pacific, 
to  be  known  as  the  Lincoln  High- 
way, was  first  made  by  Carl  G.  Fisher, 
of  Indianapolis,  in  1913.  He  se- 
cured the  cooperation  of  prominent 
business  men,  and  they  organized 
the  Lincoln  Highway  Association  in 
that  year.  It  is  not  a  constructing 
organization,  but  its  purpose  is  to 
secure  the  expenditure  of  State, 
county  and  local  road  funds  on  the 
route.  Where  road  improvement  is 
left  to  the  pubUc  authorities,  gaps 
are  sometimes  left  in  through  routes; 
this  has  been  the  case  with  the  Lin- 
coln Highway,  and  the  association 
has  raised  funds  to  construct  some 
sections  which  local  resources  were 
inadequate  to  build. 

Just  how  much  improvement  work 
has  been  done  on  the  Lincoln  High- 
way cannot  be  determined  accu- 
rately. The  association  estimates 
that  during  1914  and  1915,  over 
$3,000,000  was  spent  on  construc- 
tion and  about  $6,000,000  in  1916. 

The  route  is  about  3,300  miles 
long.  From  New  York  to  Nebras- 
ka, existing  main  roads  afforded 
direct  connections  between  successive 
cities.  In  Nebraska  roads  on  sec- 
tion lines  and  consequently  both 
angular  and  long  have  been  straight- 
ened. 
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Dixie  Highway  Association 


Officers.— President,  M.  M.  Alli- 
Bon,  Chattanooga,  Tenn.;  vice  pres- 
ident, C.  H.  Huston,  Chattanooga, 
Tenn,;  secretary-treasurer,  W.  R. 
Long,  Chattanooga,  Tenn. ;  the  pres- 
ident, secretary-treasurer,  Carl  G, 
Fisher,  Indianapolis,  Richard  Hardy, 
Chattanooga,  and  Clark  Howell,  At- 
lanta; State  vice-presidents,  P.  T. 
Colgrove,  Hastings,  Mich.;  Richard 
J.  Finnegan,  Chicago,  111.,  Thomas 
Taggart,  French  Lick,  Ind.;  Harry 
L.  Gordon,  Cincinnati,  Ohio;  H.  B. 
Hanger,  Richmond,  Ky.;  W.  T.  An- 
derson, Macon,  Ga.;  G.  W  Saxon, 
Tallahassee,  Fla. 

This  association  was  oi^anized  in 
1915  at  a  conference  of  the  gover- 
nors of  the  States  traversed  by  the 
highway,  and  was  suggested  by 
Ckrk  G.  Fisher,  of  Indianapolis. 
The  State  vice-presidents  and  direc- 
tors are  appointed  by  the  governors 
of  the  States. 

The  route  is  approximately  4500 
miles  long  and  traverses  163  coun- 
ties. Construction  is  in  progress 
along  the  entire  stretch,  but  during 
the  winter  of  191&^17  heavy  rains 
rendered  parts  of  the  highway  im- 
passable until  they  dried  out-  The 
worst  sections  in  February,  1917, 
were  between  Lexington,  Ky.,  and 
Knoxville,  Tenn. ;  Nashville  and 
Chattanooga,  Tenli.;  Tallahassee  and 
Gainesville,  Fla.,  and  eastward  from 
Arcadia,  Fla. 

The  association  publishes  the  Dixie 
Highway,  a  monthly,  for  the  purpose 
of  attracting  attention  to  the  interest* 
ing  features  of  the  country  through 
which  the  road  passes.  It  also  main- 
tains an  information  bureau  at  1012 
Geor^a  Avenue,  Chattanooga,  for 
advising  travelers  concerning  the 
condition  of  all  parts  of  the  tooA  and 

the  detours  that  should  be  made  to  Dixn  Hiohwat 

avoid    sections    under    construction 
or  ill  poor  conditioD. 
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YeUowttone  Trail  AssodaUan 


TSLLOWBTOKX  TeUL 


Officers. — ^President  J.  W.  Parmley, 
Ipswich,  S.  D.;  vice-presidents^  M. 
J.  Dowling,  Olivia,  Mum.,  and  F.  E. 
Stone,  Wallace,  Idaho;  secretary  and 
general  agent,  H.  O.  Cooley,  Aber- 
deen, 8.  Dak. ;  treasurer,  M.  P.  Beebe, 
Ipswich,  S.  D.;  office  secretary,  M. 
H.  Doyle,  Aberdeen,  8.  Dak.;  ex- 
ecutive committee,  the  president, 
vice-presidents,  Floyd  Tifft,  Colfax, 
Wash. ;  Bud  8tory ,  Bozeman,  Mont. ; 
G.  H.  Suit,  Marmarth,  N.  Dak.; 
Anton  Earpen,  Webster,  8.  Dak.;  G. 
A.  Will,  Minneapolis,  Minn.;  Erie 
Whipple,  Waupaca,  Wis.;  J.  T. 
Brown,  Chicago,  111.  Offices  at 
Aberdeen,  S.  D.  - 

In  a  paper  on  the  value  of  perma- 
nent highways  for  national  defense. 
Major  Amos  A.  Fries,  Corps  of  Engi- 
neers, U.  S.  A.,  made  the  following 
comment  on  this  and  other  routes: 

''Fine  roads  along  our  coasts  and 
land  boimdaries  will  be  of  the  most 
immediate  military  benefit,  and 
should  be  of  the  widest  and  best, 
since  they  will  have  to  bear  the 
heaviest  and  most  concentrated  traf- 
fic. There  are  a  number  of  roads  pro- 
posed or  actually  under  construc- 
tion that  come  under  this  head. 
Such  are  the  Pacific  Highway  along 
or  near  the  Pacific  coast  from  Seattle 
to  San  Diego,  the  Yellowstone  Trail 
along  the  northern  border  from  the 
vicinity  of  the  Great  Lakes  to  the 
Columbia  River,  and  the  Lincoln 
Highway  across  the  north  central 
part  of  the  United  States.  While 
highways  intended  primarily  for  mil- 
itary purposes  should  be  located 
near  our  borders,  north,  east,  south 
and  west,  they  must  not  be  so  near 
that  they  can  be  easily  raided  or 
captured  by  comparatively  small 
bodies  of  the  enemy  and  thus  likely 
to  be  of  use  only  to  him  and  not  to 
us.*' 
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Jackaon  Highway  AsBociatian 

Oificers: — ^President,  P.  L.  Atherton,  Loixisville,  Ky.;  vice- 
president,  J.  G.  Creveling,  Jr.,  Nashville,  Tenn.;  treasurer,  R.R. 
£3more,  Louisville,  Ky.;  sec- 
retary, M.  C.  Collier,  Louis- 
ville, Ky.  Indiana  officials; 
vice-president,  D.  M.  Boyle, 
Lafayette;  conmiittee,  Walter 
H.  Crim,  Salem;  W.  H.  Lin- 
coln, Coliunbus;  W.  L.  Brown, 
Frankfort.  Kentucky  offi- 
cials; vice-president,  Edmund 
W.  Taylor;  conunittee,  John 
G.  Kramer,  Lexington;  Emory 
G.  Dent,  Scottsville;  L.  B. 
Samuels,  Bardstown.  Ten- 
nessee officials;  vice-president, 
Ben  Childers,  Pulaski;  com- 
mittee. Judge  J.  C.  Higgins, 
Fayetteville;  J.  J.  Gray,  Jr., 
Mt.  Pleasant;  W.  S.  Scham- 
ber^r,  Gallatin.  Alabama 
officials;  vice-president,  R.  E. 
Spragins,  HuntsviUe;  commit- 
tee, L.  C.  Irvine,  Mobile; 
W.  T  Sanders,  Athens;  R.  T. 
Simpson,  Florence.  Missis- 
sippi officials;  vice-president, 
J.  M.  McBeath,  Meridian; 
conunittee,  Thomas  J.  Lock, 
Jr.,  Colimibus;  W.  B.  Potts, 
Kosciusko;  E.  B.  Dunton, 
Pascagoula.  Louisiana  offi- 
cials; vice-president,  T.  C. 
Campbell,  New  Orleans;  com- 
mittee, P.  M.  Milner,  New 
Orleans;  C.  H.  Ellis,  New  Or- 
leans; Harry^T.  Howard,  New 
Orleans. 

The  final  location  of  the 
southern  part  of  the  Jackson 
Highway  was  not  settled  until 
November,  1916.  The  main 
route  shown  in  the  map  was 
then  adopted,  but  an  alter- 
native route  was  taken  imder 
advisement.  This  runs  from  Nashville  through  Shelbyville,  Fay- 
etteville, HuntsviUe  and  Birmingham  to  Montgometyi  mi  was 
advocated  as  desirable  for  tounsts  to  Florida. 


Jackson  Highway 


486 


AMBBICAN  HIGHWAY  ASSOCIATION 


Jefferwn  Highway  AasoeiaUon 


Officers:  Pres- 
ident, D.  N. 
Fink,  Muskogee, 
Okla.;  vice-pres- 
ident, W.  A. 
Hopkins,  Lam- 
oni,  Iowa;  sec- 
retary, Walter 
Parker,  New  Or- 
leans, La.;  treas- 
urer, P.  J. 
Wright,  Des 
Moines,  Iowa; 
general  mana- 
ger, J.  D.  Clark- 
son,  Des  Moines, 
Iowa.  State 
vice  -  presidents : 
Louisiana,  P.  M. 
Milner,  New  Or- 
leans; Texas,  W. 
N.  King,  Deni- 
son;  OUahoma, 
Dr.  Oliver  Bag- 
by,  Vinita;  Kan- 
sas, R.  S.  Tier- 
nan,  Ft.  Scott; 
Missouri,  John 
M.  Malang,  Jop- 
lin;  Iowa,  H. 
H.  Polk,  Des 
Moines;  Minne- 
sota, J.  H.  Beek, 
St.  Paul. 


JsvFXRBON  Highway, 
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National  HigkiDays  Association 

Officers. — Chairman  Board  of  National  Councillors,  Gen.  Cole- 
man du  Pont,  Wilmington,  Del.;  president,  Charles  Henry  Davis, 

C.  E.,  Cambridge,  Mass.;  vice-presidents.  Dr.  Lucien  Peters  Mo- 
Calla,  Boise,  Idaho,  Elias  Vander  Horst,  New  York,  Judge  J.  M. 
Lowe,  Kansas  City,  Mo.,  A.  L.  Westgard,  New  York,  Henry 
Bronson  Vamer,  Lexington,  N.  C,  and  Dr.  Joseph  Hyde  Pratt, 
Chapel  Hill,  N.  C;  general  secretary,  Dr.  Frederic  Remsen  Hut- 
ton,  New  York;  consulting  engineer.  Prof.  Arthur  H.  Blanchard, 
New  York;  assistant  director-generals,  Walter  A.  Alsdorf  and  Z. 

D.  Dunlop,  Columbus,  O.    Offices,  18  Old  Slip,  New  York,  N.  Y. 
This  association  was  organized  in  1911  and  chartered  in  1912, 

its  purpose,  as  stated  in  its  charter,  being  "to  promote  the  estab- 
lishment, building  and  maintenance  of  national  and  other  high- 
ways throughout  the  United  States."  The  foimder.  President 
Davis,  holds  that  only  by  the  construction  and  maintenance  by 
the  national  government  of  a  comprehensive  system  of  national 
highways  serving  the  total  population  of  the  country  as  a  whole, 
wUl  the  great  road  questions  ever  be  rightly  answered;  and  further- 
more, that  only  by  the  creation  of  a  national  highways  commission 
to  study  and  decide  upon  the  course  of  action  to  be  taken  by  the 
national  government  will  the  financial  and  economic  problems 
involved  in  such  a  vast  undertaking  be  properly  solved. 

The  association  has  spent  large  sums  in  compiling  data  concern- 
ing the  roads  in  the  different  States  and  in  studying  their  relative 
importance  as  main  routes  of  travel.  This  study  has  resulted 
in  the  selection  of  the  routes  shown  in  outline  in  the  accompany- 
ing map  as  those  which  are  most  deserving  of  improvement  as 
national  highways.  Field  representatives  have  been  employed 
by  the  association  to  stimulate  local  interest  in  the  betterment 
of  these  roads,  and  the  association  cooperates  with  other  organ- 
izations in  this  work.  The  system  at  first  proposed  had  a  total 
length  of  about  50,000  miles  and  served  counties  with  88.  per 
cent  of  the  urban  population  of  the  country  and  53  per  cent  of 
the  rural  population.  The  system  wa§  enlarged  later  to  include 
about  100,000  miles  of  road  as  shown  on  the  map.  The  asso- 
ciation publishes  maps  of  the  roads  in  many  of  the  States  and  also 
of  several  of  the  transcontinental  routes  with  which  it  is  in  accord. 

The  Midland  Trail 

This  starts  at  Washington,  D.  C,  and  Richmond,  Va.,  the  two 
terminal  branches  to  these  places  joining  at  Charlottesville,  Va. 
The  route  passes  through  Staunton  and  Lexington,  Va.;  Char- 
leston  and   Huntington,    W.    Va.;    Lexington,   Frankfort    and 
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Louisville,  Ky.;  New  Albany,  Washington  and  Vincennes,  Ind.; 
Olney,  Salem  and  East  St.  Louis,  111.;  St.  Louis,  Union,  Koenig, 
Jefferson  City,  Sedalia  and  Warrensburg,  Mo.;  Kansas  City,  To- 
peka,  Manhattan,  Beloit,  Hoxie  and  Goodland,  Kan. ;  Burlington, 
Limon,  where  several  alternative  routes  through  Colorado  are 
followed  to  Grand  Jimction;  Thompsons,  Price,  Provo,  Salt  Lake 
City,  losepa,  Kearney's  Ranch  and  Ibapah,  Utah;  Tippett,  Ely, 
Currant,  Clifford,  Hannapah,  Tonapah  and  Goldfield,  Nevada; 
Oasis,  Alvord,  where  alternative  routes  run  through  Califomia 
to  Oakland  and  Los  Angeles. 

The  Midland  Trail  has  a  length  of  2930  miles  from  Washing- 
ton to  Oakland  and  traverses  125  coimties  in  12  States. 

The  International  Pavedway 

This  starts  at  Detroit,  Mich,  There  are  two  alternative 
routes  to  Lafayette,  Lid.,  one  through  Jackson  and  Kalamazoo, 
Mich.,  and  South  Bend,^  Ind.,  and  the  other  through  Toledo,  Ohio 
and  Fort  Wayne  and  Marion,  Ind.  From  Lafayette  the  route 
is  through  Danville,  Decatur  and  Springfield,  111.,  and  St.  Louis, 
Mo.  There  are  two  alternative  routes  from  St.  Louis,  one  through 
BQllsboro,  Fredericktown  and  Greenville  and  the  other  through 
Ste.  Genevieve,  Perryville  and  Jackson,  to  Poplar  Bluffs,  Mo. 
TTience  the  route  is  through  Doniphan,  Mo.;  Pocahontas,  Wal- 
nut Ridge,  Newport,  Searcy,  Little  Rock,  Malvern  and  Texar- 
kana.  Ark.;  Clarksville,  Paris,  Sherman,  Dallas,  Fort  Worth, 
Cleburne,  Walnut  Spring,  Waco,  Austin,  San  Antonio  and  La- 
redo, Tex. 

The  International  Pavedway  is  1960  miles  long  and  traverses 
88  counties  in  7  States. 

• 
Jefferson  Davis  Memorial  Highway 

This  route  starts  at  Miami,  Fla.,  and  runs  through  Marco,  Fort 
Myers,  Arcadia,  Bradentown,  Tampa,  Tarpon  Springs,  Brooks- 
viUe,  Ocala,  Gainesville,  Lake  City,  Tallahassee  and  Milligan, 
Fla.,  whence  alternative  routes  run  to  Mobile,  Ala.  Thence  the 
route  is  through  Gulf  port.  Miss.;  New  Orleans,  Morgan  City, 
New  Iberia,  La  Fayette  and  Lake  CharleS;  La.;  Beaumont,  Lib- 
erty, Houston,  Victoria,  Tex.,  where  two  routes  begin,  one  down 
the  coast  to  Brownsville  and  then  along  the  border  through 
Laredo  and  Eagle  Pass  to  Del  Rio,  and  the  other  through  San 
Antonio  to  Del  Rio.  From  Del  Rio  there  are  two  routes  to  Al- 
falfa Station,  Tex.,  one  along  the  border  and  the  other  through 
Ozona,  Fort  Stockton  and  Marfa.  From  Alfalfa  Station  the 
route  is  through  Aden,  Doming  and  Lordsburg,  N.  Mex. ;  Apache, 
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Douglas,  Bisbee,  Tombstone,  Tucson,  Phoenix,  Agua  Caliente 
and  Yuma,  Ariz.;  and  Mammoth,  El  Centro,  Campo  and  San 
Diego  to  Los  Angeles,  Cal. 

The  Jefferson  Davis  Memorial  Highway  is  3,780  miles  long 
and  traverses  94  counties  in  9  States.  Several  of  its  sections 
have  special  names,  as  follows:  Borderland  TraU,  Los  Angeles  to 
El  Paso;  Border  Military  Highway,  El  Paso  to  Brownsville; 
Gulf  Coast  Highway,  Brownsville  to  New  Orleans;  Old  Spanidi 
Trail,  New  Orleans  to  Tampa. 

Pike's  Peak  Ocean  to  Ocean  Highway 

This  route  is  from  New  York  through  Pittsburgh,  Columbus, 
Indianapolis,  St.  Joseph,  Colorado  Springs,  Salt  Lake  City  and 
Reno  to  San  Francisco.  The  details  of  the  route  are  still  unde- 
cided in  some  sections.  The  president  of  the  route  is  C.  F.  Adams, 
of  Chillicothe,  and  the  secretary  and  treasurer  is  A.  W.  Henderson, 
of  Colorado  Springs,  Colo. 


National  OH  Trails 

This  route  is  from  Washington  through  Wheeling,  Indianapolis, 
St.  Louis,  Kansas  City,  Trinidad  and  Albuquerque  to  Los  Angeles. 

This  route  follows  the  Cumberland  or  National  road,  Boone's 
Lick  road,  the  Santa  Fe  trail  and  General  Kearney's  trail.  The 
president  of  the  association  is  Judge  J.  M.  Lowe,  of  Kansas  City, 
Mo. 

Santa  Fe  Trail 

This  route  is  also  known  as  the  Trail  to  the  Sunset.  It  runs 
from  New  York  through  Chicago,  Kansas  City,  Trinidad,  Phoe- 
nix and  Yiuna  to  San  Diego. 

Sovihern  National  Highway 

This  route  runs  from  Washington  through  Richmond,  Durhami 
Nashville,  Memphis,  Little  Rock,  Dallas,  Fort  Worth,  Roswell, 
£1  Paso,  Phoenix  and  Yuma  to  San  Diego. 
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Atlantic  Highway 

This  route  runs  from  Calais  through  Boston,  New  York,  Wash- 
ington, Richmond,  Raleigh,  Rockingham,  Camden,  Columbia, 
Augusta,  Savannah,  Jacksonville,  Miami.  A  considerable  part 
of  this  route  is  practically  the  same  as  the  Capital  Hi^way, 
which  is  in  a  better  general  condition  than  any  other  national 
highway  route,  owing  to  the  persistent  work  during  many  years 
of  Leonard  Tufts,  of  Pinehurst,  N.  C,  president  of  the  Capital 
Highway  Association. 

Meridian  Road 

This  route  runs  from  Pembina,  Man,  through  Fargo,  Columbus, 
Wichita,  Fort  Worth  and  Houston  to  Galveston. 

Pacific  Highway 

This  route  is  1662  miles  long.  It  runs  from  Vancouver,  B.  C, 
through  Seattle,  Tacoma,  Portland,  Eugene,  Grants  Pass,  San 
Francisco,  Los  Angeles  and  San  Diego  toTia  Juana,  Mex.  Alter- 
native routes  exist  along  parts  of  it. 

The  Ozark  TraU 

This  is  promoted  by  one  of  the  most  active  associations  in  the 
coimtry,  of  which  the  president  is  W.  H.  Harvey,  of  Monte  Ne, 
Ark,  and  the  secretary  is  Charles  W.  Fear,  of  Joplin,  Mo.  It  has 
already  marked  about  1000  miles  of  road,  and  has  been  particu- 
larly active  in  urging  that  road  work  be  placed  under  competent 
men  and  that  the  first  improvements  be  relocation,  grading, 
drainage  and  low-cost  surfacing.  The  route  runs  from  St.  Louis 
through  Springfield,  Mo.,  Tulsa,  and  Oklahoma  City,  Okla., 
Amarillo,  Tex.,  to  Albuquerqe,  N.  Mex.  Between  these  main 
points  a  number  of  alternative  routes  have  been  projected  and 
some  of  them  have  been  marked. 


NATIONAL  ASSOCIATIONS 

Permanent  Intemaiiandl  AasocicUion  of  Road  Congressee 

Office- — ^M.  Mahieu,  secretary-general,  1  Avenue  d'lena,  Paris, 
France. 

1.  Objbot  and  Obqanization  ov  thb  Absociatiov 

abucui  I 

The  object  of  the  Permanent  International  Assooiation  of  Road 
Congresses  is  to  promote  progress  in  the  construction,  traffic  and 
exploitation  of  roads. 

It  continues  the  work  of  the  first  International  Road  Cbngrees 
held  in  Paris  in  October,- 1908. 

It  accomplishes  its  object:  1,  By  organising  Road  Congresses; 
2,  by  publishing  papers,  proceedings,  and  other  documents;  3,  by 
collecting  the  results  of  (a)  tests  carried  out  on  roads;  (6)  labora- 
tory tests  throughout  the  world  on  materials  which  are  used  or  are 
suitable  for  road  construction  and  maintenance;  these  tests  may  be 
either  in  the  form  of  mere  records  collected  by  the  Association  or 
they  may  have  been  carried  out  by  the  Association  itself  or  through 
its  instrumentality. 

Its  affairs  are  managed  by  a  Permanent  International  Conunia- 
don. 

▲BTICLB  n 

The  Association  consists  of: 

1.  Delegates  of  Governments  and  Corporations  of  all  the  coun- 
tries which  subscribe  annually  to  the  Association. 

2.  Private  Members. 

Membership  may  be  either  permanent  or  temporary. 

Qovemments  may  appoint  one  official  delegate,  with  a  right 
to  vote  at  every  Congress,  for  each  250  francs  of  their  annual 
subsidy. 

This  amount  is  reduced  to  100  francs  for  Corporations. 

Permanent  Members  are  entitled  to  attend  and  vote  at  every 
Congress. 

Temporary  members  are  entitled  to  attend  the  particular  Coor 
gress  they  have  joined,  and  they  may  vote  on  all  questions  which 
do  not  affect  the  Permanent  Association  itself. 

S.  Honorary  Members,  nominated  by  the  Permaneat  Interna- 
tfonal  Conmussion. 
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ARTICLE   III 

1.  A  Permanent  International  Commission,  with  headquar- 
ters at  Paris,  is  at  the  head  of  the  Association. 

2.  A  Permanent  Council  and  an  Executive  Committee  are 
appointed  from  amongst  the  Members  of  this  Commission. 

ARTICLE  lY 

The  Permanent  International  Commission  is  composed  of  mem- 
bers belonging  to  the  various  countries  represented  in  the  Asso- 
ciation. Each  country  has  the  ri^^t  to  one  representative  for  each 
1000  francs  of  its  total  annual  subsidy. 

Provided,  however,  that  the  number  of  representatives  from 
any  one  country  shall  not  exceed  15  (fifteen),  and  that  any  coun- 
try which  pays  not  less  than  250  francs  shall  have  the  right 
to  appoint  one  delegate.' 

American  Highway  Association 

The  American  Highway  Association  was  organized  at  Washing- 
ton, D.  C,  November  22,  1910. 

Its  purposes  are: 

To  correlate  and  harmonize  the  efforts  of  all  existing  organiza- 
tions working  for  road  improvement. 

To  arouse  and  stimulate  sentiment  for  road  improvement. 

To  strive  for  wise,  equitable  and  uniform  road  legislation  in  every 
State. 

To  aid  in  bringing  about  efficient  road  administration  in  the 
States  and  their  subdivisions,  involving  the  introduction  of  skilled 
supervision  and  the  elimination  of  politics  from  the  management 
of  the  public  roads. 

To  seek  continuous  and  systematic  maintenance  of  all  roads, 
the  classification  of  all  roads  according  to  traffic  requirements, 
payment  of  road  taxes  in  cash,  and  adoption  of  the  principle  of 
State  aid  and  State  supervision. 

To  advocate  the  correlation  of  all  road  construction  so  that  the 
important  roads  of  each  county  shall  connect  with  those  of  the 
adjoining  counties  and  the  important  roads  of  each  State  shall 
connect  with  those  of  adjoining  States. 

To  strive  for  the  utilization  of  convict  labor  on  works  of  publii; 
improvement,  where  that  course  is  consistent  with  the  local  policy, 
io  as  to  involve  the  least  possible  competition  with  free  labor,  the 
utmost  public  bene^t,  and  a  healthy  moral  and  physical  develop- 
ment of  the  convict.  In  many  States  these  results  can  be  attained 
by  using  the  convicts  on  road  work  or  the  preparation  of  road 
materials. 

*  For  further  informaiioD  address  either  the  tieeretary  geaermi  or  ike 
Amerieaii  Highway  Astooiation. 
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CowOTiTunoN 

Abtiolb  I 

Nam$ 

SacnoN  1.  The  name  of  this  organuation  shall  be  Thb  Ambbicah 
HiQBWAT  Association. 

Articlb  II 
Object 

Sbctign  1^  The  object  of  this  Association  is  to  harmonise  and  correlate 
all  efforts  for  the  improvement  of  the  public  roads,  to  the  end  that  adequate 
and  efficient  sjrstems  of  road  construction,  administration,  and  maintenanoe 
may  be  adopted  in  all  of  the  States. 

Abticlb  III 

Location 

Sbction  1.  The  official  headquarters  of  this  Association  shall  be  locatad 
and  maintained  in  the  city  of  Washington.  D  C. 

Abticlb  IV 
MemberBhip 

Section  I.  The  regular  membership  of  this  Association  shall  be  com- 
posed of  all  persons  who  shall  sign  the  roll  of  membership  at  the  time  of 
organization,  or  make  written  application  to  the  Secretary  and  pay  annual 
dues  for  one  year  in  advance,  membership  to  begin  with  written  acceptance 
by  the  Secretary. 

Sbc.  2.  The  associate  membership  shall  consist  of  all  members  of  State 
and  other  organizations  for  road  improvement,  codperating  with  this  Asso- 
ciation, provided,  that  a  roster  of  such  membership  shall  be  filed  with  the 
Secretary  by  said  organization. 

Sec.  3.  The  sustaining  membership  shall  consist  of  all  persons  or  orgaiii- 
sations  who  shall  sign  the  roll  of  sustaining  membership  at  the  organization 
of  this  Association,  or  make  written  application  to  the  Secretary  and  pay 
annual  dues  for  sustaining  membership  one  year  in  advance^  membership 
to  begin  as  soon  as  written  acceptance  shall  have  been  received  from  the 
Secretary. 

Article  V 

OSicere 

Sbction  1.  The  officers  of  this  Association  shall  consist  of  a  President, 
a  Vice-President,  a  Treasurer,  and  a  Board  of  Directors,  consisting  of  the 
President  and  Vice-President  of  the  Association  and  twenty-three  addi- 
tional members,  to  be  elected  at  the  annual  meeting  of  the  Association 
as  hereinafter  provided,  and  such  other  executive  officers  as  may  be  ap- 
pointed by  the  Executive  Committee. 

Sec.  2.  The  President,  Vice-President,  Treasurer,  and  members  of 
the  Board  of  Directors  shall  be  regular  or  sustaining  members  of  the 
Association,  and  shall  be  elected  at  the  first  regular  meeting  and  annually 
thereafter,  except  that  the  members  of  the  Board,  exclusive  of  the  officers, 
shall  be  elected  in  three  groups,  the  first  to  hold  office  for  a  period  of  three 
vears,  the  second  to  hoi  a  office  for  a  period  of  two  years,  and  the  third  to 
hold  office  for  a  period  of  one  year,  vacancies  on  the  Board  to  be  filled  an> 
Dually  thereafter. 
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Abtiglb  VI 

CammtteeB 

SacTioN  1.  There  shall  be  four  BtaDding  eommittees  of  this  A«ociatio«: 
An  Executive  Committee,  consiBting  of  ^ve  members;  a  Finance  Committee: 
a  Committee  on  Membership,  and  an  Auditing  Committee,  consisting  of 
three  members.  The  members  of  the  Auditing  Committee  shall  be  selected 
by  the  President  at  the  first  annual  meeting,  and  shall  hold  office  until  the 
next  regular  meeting  of  the  Association.  The  members  of  the  other  three 
eommittees  shall  be  selected  by  the  Board  of  Directors,  and  shall  hold  office 
until  the  next  regular  meeting  of  the  Association. 

Abtiglb  VII 

AtnendmenU 

Sbctign  1.  This  Constitution  may  be  amended  at  any  regular  meeting 
of  the  Association  by  three-fourths  of  the  qualified  voters  present,  vrofrid§a, 
that  the  Secretary  shall  notify  members  of  the  Association  of  said  regular 
meeting. 

Abtiglb  VIII 

By'LawM 

Section  1.  The  Board  of  Directors  shall  make  such  By-Laws  for  the 
government  of  the  Association  as  it  may  deem  necessary,  and  which  shall 
not  conflict  with  the  provisions  of  the  Constitution,  and  may  amend  or  alter 
the  same. 

By-Laws 

Abtiglb  I 

Annual  Due* 

Sbction  1.  The  annual  dues  for  regular  members  of  the  Association  shall 
be  lA,  payable  in  advance.  Annual  dues  for  sustainins  members  shall  be 
1100,  pavable  in  advance.  Associate  members  shall  not  oe  required  to  pay 
annual  dues  to  this  Association. 

Abtiglb  II 

Voting  PriviUgeB 

Sbotion  1.  Regular  members  of  the  Association  shall  be  entitled  to 
participate  in  its  proceedings,  and  vote  upon  all  questions  that  may  come 
before  the  Association.  Associate  members  shall  be  entitled  to  piirticioate 
in  discussions  of  questions  before  the  Association.  Sustaining  members 
shall  be  entitled  to  participate  in  discussions,  and  to  vote  upon  questions 
before  the  Aasooiation. 

Abtiglb  III 

Dutu9  of  OffieerB 

Sbction  1.  The  President  shall  be  the  executive  head  of  the  Assoeiation 
He  shall  preside  at  all  meetings  of  the  Association,  and  shall  appoint  an 
Auditing  Committee  and  all  temporary  committees. 

Sbg.  2.  In  the  absence  of  the  President  the  Vice-President  shall  act  in 
his  place  and  uietLdtjarovid$d,  that  in  the  absenoe  of  both  the  President  and 
Vice-President  the  Executive  Committee  shall  immediately  elect  one  of  its 
members  to  perf om  the  duties  of  the  President. 
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Bbc.  8.  The  Secretary  shall  keep  the  records  and  minutee  uf  the  Associa- 
tion. He  shall  draw  all  orders  upon  the  Treasurer  for  the  pajrment  of  money. 
He  shall  serve  all  notices  and  perform  all  duties  necessary  to  the  proper 
conduct  of  the  business  affairs  of  the  Association,  and  shall  perform  such 
additional  duties  as  may  be  assigned  to  him  by  the  Board  of  Directors. 
He  shall  make  written  report  annually  of  the  work  of  the  Association,  and 
shall  make  such  special  written  reports  to  the  Board  of  Directors  as  they 
may  require  from  time  to  time. 

Sbo.  4.  The  Treasurer  shall  be  the  custodian  of  the  funds  of  the  Associa- 
tion. He  shall  pay  all  orders  for  money  duly  signed  by  the  Secretary.  He 
shall  make  a  written  report  annually  to  the  Association,  accounting  for  all 
funds  receired  and  disbursed.  If  the  Treasurer  shall  for  good  and  sufficient 
reason  be  temporarily  unable  at  any  time  to  perform  the  duties  of  his  office, 
he  shall  so  inform  the  chairman  of  the  Executive  Committee,  who  shall, 
with  the  concurrence  of  two  other  members  of  said  conunittee,  designate 
one  of  their  members  to  perform  the  duties  of  Treasurer,  until  such  time  as 
the  Treasurer  shall  resume  his  duties  and  so  inform  tne  chairman  of  the 
Executive  Conunittee. 

Sue.  6.  The  Organizer  shall  perform  such  duties  as  are  assigned  to  him 
by  the  Board  of  Directors. 

Sao.  0.  The  Board  of  Directors  shall  at  its  first  meeting  and  annually 
thereafter  elect  a  chairman.  The  Board  shall  have  custody  of  all  property 
of  the  Association;  shall  have  charge  of  the  financial  affairs  of  the  Associa- 
tion; shall  provide  wa^s  and  means  for  its  expenses,  shall  appoint  all  re||[ular 
eonmuttees  and  all  officers  not  otherwise  provided  for,  shall  have  supervision 
and  control  over  all  work  carried  on  bv  the  Association  and  its  officers,  and 
shidl  fill  all  vacancies  in  its  own  membership  and  among  the  officers  of  the 
Association  between  the  meetings  of  the  Association. 

Abticlb  IV 

DtUtMM  of  CammxtU€$ 

Bbotior  1.  The  Executive  Committee  shall  act  for  the  Board  of  Direc* 
ton  and  exercise  all  the  powers  of  said  Board  in  the  interim  between  the 
meetings  of  said  Board,  and  shall  report  quarterly  to  the  Board  the  condi- 
tion of  the  Association  and  its  work. 

Sbc.  2.  The  Committee  on  Finance  shall  provide  for  the  raising  of  funds 
to  carry  on  the  work  of  the  Association  and  snail  have  supervision  over  the 
financial  affairs  of  the  Association. 

Sbc.  8.  The  Committee  on  Membership  shall  deal  with  all  questions 
relating  to  membership  in  the  Association,  and  shall  take  such  steps  as  it 
may  deem  advisable  for  increasing  the  membership  of  the  Association. 

Sac.  4.  The  Auditing  Committee  shall  audit  and  review  the  reports  of 
the  Secretary  and  the  Treasurer. 

Aetxclb  V 

MwtinQM 

BaoTiOM  1.  Regular  meetings  of  the  Association  shall  be  held  annually 
at  such  time  and  place  as  the  Board  of  Directors  may  determine.  Special 
meetings  mav  be  called  by  the  Boara  of  Directors,  or  by  two-thirds  of  the 
regular  members  of  the  Association. 

Saa  2.  The  Board  of  Directors  may  fix  the  time  and  place  of  its  meet- 
tnn,  provided  that  it  shall  meet  at  least  once  in  each  year. 

Sac.  3.  The  Executive  Committee  shall  fix  the  time  and  place  of  its 
meeting,  provided  that  it  shall  meet  at  least  once  in  each  three  months. 
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AanoLB  VI 

Quortmu 

SECTION  1.  A  quorum  of  the  AsBociation  shall  eonslat  of  fifty  members 
who  shall  be  present  in  person. 

Sbc.  2.  A  quorum  of  the  Board  of  Directors  shall  consist  of  five  members 
who  shall  be  present  in  person. 

Sbo.  3.  A  Quorum  of  the  Ezeoutire  Committee  shall  consist  of  a  major- 
ity of  its  members. 

Abticub  VII 

AmendmerUB 

Sbction.  1.  The  By-Laws  of  this  Association  may  be  altered  or  amended 
by  the  Board  of  Directors,  at  their  discretion,  provided,  that  such  By-Laws 
snail  not  conflict  with  the  provisions  of  the  Constitution. 

Fairfax  Harrison,  president;  Logan  Waller  Page,  vice-presi- 
dent; John  Burke,  treasurer;  Leonard  Tufts,  chairman  executive 
committee;  Frank  A.  Vanderlip,  chairman  committee  on  member- 
ship; J.  C.  Hemphill,  chairman  committee  on  publicity;  directors, 
James  S.  Harlan,  chairman;  Charles  Whiting  Baker,  A.  G.  Batch- 
elder,  W.  T.  Beatty,  Charles  D.  Blaney,  S.  E.  Bradt,  R.  D.  Chapin, 
George  W.  Cooley,  Richard  H.  Edmunds,  Austin  B.  Fletcher, 
Fairfax  Harrison,  A.  N.  Johnson,  L.  E.  Johnson,  Joseph  W. 
Jones,  Clarence  A.  Kenyon,  E.  J.  Mehren,  James  H.  MacDonald, 
Thomas  G.  Norris,  Logan  Waller  Page,  Joseph  Hyde  Pratt,  Henry 
G.  Shirley,  Leonard  Tufts,  W.  Tom  Winn.  Offices,  Colorado 
Building,  1341  G  Street  N.  W.,  Washington,  D.  C. 

PUBUCATIONS 

Good  Roads  Year  Book,  1912,  1913,  1914,  1916, 1916  and  1917. 
Proceedings  of  First  American  Road  Congress,  $1.00.    (Held  in  Richmond, 

Virginia,  November  20-23,  1911.) 
Prooeemnss  of  Second  American  Road  Congress,  $1.00.    (Held  in  Atlantic 

City,  N.  J.,  September  30-October  5,  1912.) 
Prooeeoings  of  the  Third  American  Road  Congress,  $1.00.   (Held  in  Detroit, 

Michigan,  September  29-Ootober  4,  1913.1 
Proceedings  of  the  Fourth  American  Road  Congress,  $1.(X).    (Held  in 

Atlanta,  Qeorgtia,  November  9-14, 1914.) 
Proceedings  of  the  ran-American  Road  Congress,  $1 .00.    (Held  in  Oakland, 

California,  September  13-17, 1915.) 
Bulletin  1.  The  relation  of  the  contractor  to  the  public  official.    O.  A. 

Crane,  secretary »  The  Greneral  Contractors'  Association. 
Bulletin  2.  Modern  methods  of  road  surface  preservation  by  bituminous 

preparations.^  Chas.  W.  Ross^  superintendent  of  streets,  Newton,  Mass. 
Bulletin  3.  Bond  issues  for  road  improvement.    Hon.  Lee  McClung,  treas- 
urer of  the  United  States. 
Bulletin  4.  Qood  roads  and  the  cost  of  living.    W.  W.  Finley,  president, 

Southern  Railway  Company. 
Bulletin  6.  Earth,  sand-cli^  and  similar  materials,  qualities  and  methods 

of  application.    W.  8.  Keller,  State  highway  engineer  of  Alabama. 
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Bulletin  6.  Street  paTements:  their  eelection,  care  and  maintenance.  Bt 
Qeo.  W.  Tilleoii,  coneultinK  engineer  to  the  borough  president,  Borough 
of  Brooklyn,  New  York  City. 

Bulletin  7.  Road  adminiatration.  By  Col.  W.  D.  Sohier,  ehairman  of  the 
Maasachuaetts  State  Highway  Commiasion. 

Bulletin  8.  The  labor  problem  in  road  construction.    By  P.  St.  J.  Wilaon, 
State  hii^way  commissioner  of  Virginia. 
f  Bulletin  0.  Bond  issues  for  road  improvement.    By  S.  E.  Bradt,  member 
Illinois  State  highway  department. 

Bulletin  10.  Systematising  the  purchase  of  road  materials  and  equipment. 
By  Henry  Q.  Shirley,  chief  engineer,  State  roads  commission  of  Mary- 
land. 

Bulletin  11.  Highway  accounting,  with  special  reference  to  maintenance. 
By  Halbert  P.  Gillette,  M.  Am.  Soc.  C.  £.,  chief  editor  of  "Engineering 
and  Contracting." 

Bulletin  12.  Unsurf  aced  roads.  By  W.  S.  Keller,  State  highway  engineer  of 
Alabama. 

Bulletin  18.  The  protection  and  upkeep  of  road  equipment.  By  Daniel  J. 
Hauer,  construction  economist  ana  consulting  engineer. 

Bulletin  14.  Waterway  structures.  By  A.  R.  Hirst,  State  highway  engi- 
neer of  Wisconsin. 

Bulletin  15.  Legal  suggestions  respecting  road  contracts.  By  William  Law 
Bowman,  C.  E.,  LL.  B.,  New  York  Bar. 

Bulletin  16.  Treatment  of  worn  out  and  ravelled  macadam  surfaces.  Ad- 
dress of  Col.  E.  A.  Stevens,  State  highway  commissioner  of  New  Jersey. 

Bulletin  17.  The  selection  of  materials  for  macadam  roads.  By  Logan 
Waller  Page,  director  U.  S.  Office  of  Public  Roads* 

Bulletin  18.  Concrete  roads.  By  Hon.  Frank  F.  Rogers,  State  highway 
commissioner  of  Michigan. 

Bulletin  19.  Bituminous  construction.  By  S.  D.  Foster,  chief  engineer 
Pennsylvania  State  biehway  commission. 

Bulletin  20.  Educational  field  for  highway  departments. 

B]r  Dr.  Joseph  Hsrde  Pratt,  State  geotodst  of  North  Carolina. 

Bulletin  21 .  Engineering  supervision  of  road  construction. 
By  W.  S.  Boiler,  State  nighway  engineer  of  Alabama. 

Bulletin  22.  Road  economics.   By  J.  E.  Pennybacker,  chief  of  road  econom- 
ics, U.  S.  Office  of  Public  Roads. 
'*  Bulletin  23.  State  control  of  road  work  as  a  policy. 

By  A.  N.  Johnson,  chief  engineer,  bureau  of  municipal  research,  New 
York  City. 

Bulletin  24.  Rtdbts  of  way. 

B^  Austin  B.  Fletcher,  State  highway  engineer  of  California. 

Bulletin  25.  Drainage  structures. 

By  W.  E.  Atkinson,  State  highway  engineer  of  Louisiana. 

Bulletin  26.    Grades  and  excavation. 

Bjr  A.  D.  Williams,  chief  engineer  State  roads  conunission  of  West 
Virginia. 

Bulletin  27.    Li^^t  traffic  roads. 

By  S.  Percy  Hooker,  State  superintendent  of  highways  of  New  Hamp- 
shire. 

Bulletin  28.    Selecting  the  roads  to  be  improved. 

BjT  Fairfax  Harrison^  president.  Southern  Railway  Company* 

Bulletin  29.    Heavv  traffic  roads. 

By  Henry  0.  Shirley,  chief  engineer,  State  roads  commission  of  Mary- 
land. 

Bulletin  80«    Maintenance  of  earth  roads. 

By  George  W.  Cooley,  State  highway  engineer  of  Minnesota. 
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Bulletin  31.    Maintenance  of  surfaced  roads. 

By  Col.  William  D.  Sohier,  chairman,  Massachusetts  highway  eommls- 

sion. 
Bulletin  32.    System  in  road  management. 

By  Charles  J.  Bennett,  State  nighway  commissioner  of  Connecticut. 
Bulletin  33.    Bituminous  macadam  by  the  cold  mixing  method. 

By  Irving  W.  Patterson,  chief  engineer,  Rhode  Island  State  board  of 

public  roads. 
Bulletin  34.    Convict  labor. 

By  George  P.  Coleman,  State  highway  commissioner  of  Vir^nia. 
Note, — All  publications  are  sent  free  to  members  of  the  association.    The 
annual  dues  for  membership  are  15.00.  and  cover  a  period  of  twelve  months 
from  date  of  payment.    Remittance  tor  either  dues  or  publications  should 
be  made  to  John  Burke,  treasurer. 

American  AssocicUion  of  StcUe  Highway  Officials 

The  purpose  of  this  organization  is  to  study  the  various  mate- 
rials for,  and  methods  of  construction  and  maintenance  of,  the 
roads  of  the  United  States;  to  exchange  information  and  promote 
closer  relations  between  State  highway  departments,  with  a  view 
to  establishing  more  uniform  systems  of  legislation,  administra- 
tion, construction  and  maintenance  respecting  roads,  so  as  to  in- 
crease efficiency  in  the  work  and  conserve  the  capital  invested  in 
highways;  to  codperate  in  every  possible  way  with  the  office  of 
Public  Roads  and  Rural  Engineering  and  similar  federal  bureaus 
in  the  consideration  of  road  problems. 

Active  membership  is  limited  to  State  highway  commissioners, 
chief  engineers  and  other  chief  directing  officials  actively  engaged 
in  the  administrative  work  of  State  highway  departments  or  the 
United  States  government.  Associate  members  are  such  assistant 
and  deputy  commissioners,  assistant  and  resident  engineers,  and 
chief  directing  officials  in  the  highway  departments  of  other  North 
American  countries,  as  are  proposed  by  active  members. 

Honorary  members  are  former  active  members  who  cease  to  be 
eligible  for  the  latter  rank,  and  the  professors  of  highway  engi- 
neering in  accredited  universities.  The  annual  dues  are  $5  for 
active  members,  S3  for  associate  members,  and  $25  conmiutation 
fee  for  all  active  members  in  the  highway  department  of  any  State. 

The  officers  are  selected  from  the  active  members  and  no  State 
can  be  represented  by  more  than  one  officer.  There  are  four  special 
standing  conojnittees,  executive,  finance,  tests  and  investigations, 
and  standards.  The  committee  on  tests  and  investigations  is 
instructed  to  confer  with  highway  departments  and  similar  com- 
mittees of  other  organizations  respecting  tests  and  investigations 
of  the  value  of  different  road  materials.  The  committee  on  stand- 
ards is  instructed  to  codperate  with  State  and  United  States 
departments  and  other  organizations  in  establishing  standard 
types  of  construction  and  standard  systems  of  maintenance. 
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Oj?Jccr«.— President,  George  P.  Ckdeman,  Highway  Ck>mmis- 
sioner  of  Virginia,  Ridimond;  vice-president,  A.  B.  Fletcher,  State 
Highway  l^gineer  of  Calif omia,  Sacramento;  secretary,  Dr. 
Joseph  Hyde  Pratt,  State  Geologist  of  North  Carolina,  Chapel 
Hill;  treasurer,  F.  F.  Rogers,  SUite  Highway  Commissioner  of 
Michigan,  Lansmg;  executive  committee,  W.  D.  Uhler,  Chief  En- 
gineer, State  Highway  Department  of  Pennsylvania,  Harrisburg; 
Lamar  Cobb,  State  Engineer  of  Ari2ona,  Phoenix;  T.  H.  Mac- 
Donald,  State  Highway  En^eer  of  Iowa,  Ames;  Col.  E.  A. 
Stevens,  State  Road  Commissioner  of  New  Jersey,  Trenton; 
Henry  G.  Shirley,  Chief  Engineer,  State  Roads  Commission,  Bal- 
timore. 

American  AtUomobile  Aasociation 

Officers. — Dr.  H.  M.  Rowe,  president,  Baltimore,  Md. ;  George  C. 
Diehl,  chairman  good  roads  board,  575  Ellicott  Square,  Buffalo, 
N.  Y.;  A.  G.  Batchelder,  chairman  executive  board,  Riggs  Build- 
ing, Washington,  D.  C. 

National  Capital  Headgtcarters. — Riggs  Building,  Washington, 
D.  C. 

New  York  City  Headquarters. — 437  Fifth  Avenue,  New  York. 

American  Concrete  Institute 

Officers. — ^William  K.  Hatt,  Professor  of  Civil  Engineering,  Pur- 
due University,  Lafayette,  Indiana,  president;  Henry  C.  Turner, 
President  Turner  Construction  Company,  1 1  Broadway,  New  York 
City,  vice-president;  Robert  W.  Lesley,  Pennsylvania  Building, 
Philadelphia,  Pennsylvania,  treasurer;  H.  D.  Hynds,  Atlas 
Portland  Cement  Company,  30  Broad  Street,  New  York,  secre- 
tary. 

American  Road  Builders'  Association 

Officers. — Arthur  W.  Dean,  president,  Boston,  Mass.;  E.  L. 
Powers,  secretary,  New  York;  W.  W.  Crosby,  treasurer,  Balti- 
more, Maryland. 

Headquarters. — 150  Nassau  Street,  New  York. 

American  Society  for  Testing  Materials 

Offijcers. — A.  A.  Stevenson,  Philadelphia,  Pa.,  president;  Edgar 
Marburg,  University  of  Pennoylvania,  Philadelphia,  secretary- 
treasurer. 
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American  Society  of  Civil  Engineers 

Officers. — Geo.  H.  P^ram,  president;  Charles  Warren  Hunt, 
secretary. 

Headquarters.— 220  West  57th  Street,  New  York. 

Purposes  so  far  as  they  rdaJte  to  roads. — ^Investigation  and  discus- 
sion of  technical  problems  of  road  construction  and  maintenance. 

American  Society  of  Engineering  Contractors 

Officers, — President,  Wm.  P.  Carmichael;  first  vice-president, 
John  J.  English;  second  vice-president,  O.  Lefebvre;  secretary,  J. 
R.  Wemlinger,  44  Whitehall  Street,  New  York;  treasurer,  G.  A. 
Unverzagt. 

Association  of  American  Portland  Cement  Manufacturers 

Officers. — ^President,  B.  F.  Affleck,  president  Universal  Port- 
land Cement  Co.;  vice-presidents,  F.  W.  Kelley,  president  Hel- 
derberg  Portland  Cement  Co.,  and  Richard  Hardy,  president 
Dixie  Portland  Cement  Co.;  treasurer,  G.  S.  Brown,  president 
Alpha  Portland  Cement  Co. ;  general  manager,  J.  P.  Beck. 

Headquarters. — 111  West  Washington  Street,  Chicago,  111. 

Objects. — ^To  acquire  and  disseminate  information  concerning  the 
best  practice  in  the  use  of  cement  and  concrete. 

To  raise  the  standards  of  construction. 

To  emphasise  the  necessity  of  careful  attention  to  all  details  of 
construction  and  to  the  selection  of  such  materials  as  will  produce 
the  best  results. 

To  give  to  anyone  requesting  same,  information  they  may  desire 
on  the  proper  use  of  cement  and  concrete. 

Canadian  Highway  Association 

Officers.— Hon.  Thomas  Taylor,  Minister  of  Public  Works,  B.  C, 
honorary  president;  W.  J.  Eerr,  president,  New  Westminister,  B. 
C,  Frank  E.  Mutton  Toronto,  Ontario,  vice-president;  P.  W.  Luca, 
New  Westminister,  B.  C,  secretary;  T.  S.  Baxter,  Vancouver, 
B.  C,  treasurer. 

Purpose. — ^This  organization  is  not  actively  concerned  with  the 
actual  construction  and  improvement  of  roads,  but  work,  is  mainly 
along  educational  lines. 

Canadian  Society  of  Civil  Engineers 

Officers. — G.  H.  Duggan,  Montreal,  president;  R.  A.  Ross, 
Montreal,  A.  St.  Laurent,  Ottawa;  T.  H.  White,  Vancouver, 
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vice-presidents;  E.  Marceau,  Montreal,  treasurer;  C.  H.  McLeod, 
Montreal,  secretary. 

Committee  on  Roads  and  Pavements, — ^W.  A.  McLean,  Depart- 
ment of  Public  Highways,  Parliament  Buildings,  Toronto,  .On- 
tario, Chairman. 

Dominion  Oood  Roods  Association 

Officers. — J.  Duchastel  de  Montrouge,  Outremont,  P.  Q.,  presi- 
dent; Geo.  A.  McNamee,  New  Birks  Building,  Montreal,  secretary. 

National  Association  of  Sand  and  Gravel  Producers 

Officers. — F.  W.  Renwick,  Chicago  Gravel  Company,  343  S. 
Dearborn  Street,  Chicago,  Illinois,  president;  H.  M.  HaUiday,  Hal- 
liday  Sand  Company,  Cairo,  Illinois,  first  vice-president;  W.  F. 
Bradley,  Ohio  and  Michigan  Sand  and  <jr ravel  Company,  Toledo, 
Ohio,  second  vice-president;  H.  F.  Curtis,  Lyman  Sand  Company, 
Omaha,  Nebraska,  third  vice-president;  Lee  R.  Witty,  Wabash 
Sand  and  Gravel  Company,  Terre  Haute,  Indiana,  fourth  vice- 
president. 

Nationcd  AvJtomckile  Chamber  of  Commerce 

Officers. — ^President,  Charles  Clifton;  vice-president,  Wilfred  C. 
Lelimd;  second  vice-president,  gasoline  division,  Hugh  Chalmers; 
second  vice-president,  commercial  vehicle  division,  Windsor  T. 
White;  second  vice-president,  electric  vehicle  division,  H.  H. 
Rice;  secretary,  R.  D.  Chapin;  treasurer,  George  Pope;  general 
manager,  Alfred  Reeves,  7  East  42d  Street,  New  York. 

National  Conference  on  Concrete  Road  Building 

Officers. — ^W.  F.  M.  Goss,  chairman;  J.  P.  Beck,  secretary,  111 
West  Washington  Street,  Chicago,  lU. 

National  Paving  Brick  Manufacturers  Association 

Offlcers. — C.  C.  Blair,  president,  Youngstown,  Ohio;  J.  W. 
Robb,  vice-president,  Clinton,  Indiana;  C.  C.  Barr,  treasurer, 
Streator,  Illinois;  Will  P.  Blair,  secretary,  Cleveland,  Ohio;  H.  H. 
MacDonald,  assistant  secretary,  Cleveland,  Ohio.  Executive 
Board,  C.  C.  Blair,  Charles  J.  Deckman  and  J.  G.  Barbour. 

Purposes. — ^The  National  Paving  Brick  Manufacturers  Associa- 
tion of  this  country  was  organised  for  tiie  following  purposes: 
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1.  A  dissemination  among  its  membership  of  technical  knowl- 
edge relating  to  the  manufacture  of  their  product. 

2.  To  bring  to  the  attention  of  the  public  the  merits  of  Vitrified 
Brick  as  a  paving  material. 

3.  To  influence  to  the  greatest  possible  extent  the  proper  con- 
struction of  brick  streets. 

4.  For  furnishing  truthful  and  reliable  information  regarding 
other  paving  materials,  and  their  comparative  value  as  pavements 
when  considered  with  brick  pavements. 

NorOiweskm  Road  Congress 

Officers. — ^A.  D.  Gash,  Springfield,  111.,  president;  T.  R.  Agg, 
Ames,  Iowa,  secretary-treasurer. 

United  Stales  Oood  Roads  Associaium 

Officers. — Senator  John  H.  Bankhead,  president ;  J.  A.  Rountree, 
Brown  Marx  Building,  Birmingham,  Ala.,  secretaiy. 


NAMES  AND  ADDRESSES  OF  CONTRACTORS 

REPORTED  AS  BIDDING  ON  HIGHWAY 

WORK  DURING  W16' 


Brown.  J.  O.,  MonWomery  ' 

Cantnl  Alabuu  ConMniiition  Co.,  Thorn-  ,    . 

Mvllla  WB« 

Collini.  J,  H .,  Eclaotu 
Cook  A  Co.,  b.  R,.  Selna 
DiiDD  A  DelAsd.  BLrminolum 
Dunn  Coiwtruatioa  Co.,  Biimincbun 

EniKy  Construction  Co.,  Ensley  Boek 

GadBden  CoDcrete  Co..  G&dsden 

Oiddam.  J.  F,  di  Co.,  Onidy 

Ooodrich  &  Crinliley,  AnnisUin 

HkUomll.  Wm.  D..  SO  Uanan  Ave.,  UoDl- 

HunuclTBiiran  ft  Huoook.  Molule 

Hicks  &  Son,  W.  A.,  Seals 

JstC  Brcthem,  Uobilo 

Jslt-Muth  CanitnioUon  Co..  Mobile  riliftinrfa 

^^^a'l^T^Tl^Sim.  Alldmon    Lynn  3.,  Io»«eto«nt  Bld«.,  Loa 

SXk^  ?t.f  CulW*'  ^HL*'^^-  ""  ^^""^  ^'^^  ^ 

NenllBnw.  ConitPuction  Co.,  Knniofhun       R.TltiT5ojiiiil  Rim 
Niion-Smitb  ComrtnietioD  Co.    ThonSlon         b2S' *  SSi  vSvilta 

P«™S'  I  ■  n'  n  ,^.SKu?  ^"t  B™^82I  Cent™!  Bid...  Lo.  Ancdo 

b!^^  _  n'  1     n^fl^^i Biaofiald,  D.  L.,  Pbri»n  Blcfc..  But  Fmocueo 

P^SSfT^'    «;i;t^^S^'^  BlMdard-Brown  Co..  Ban  fnuicuoo 

ii°;£SoWbZ:.?&Zoevm,  ^""a'^e™  ^-  ^"  ^"^  ^'*^-  ^ 

C.  tot  Don^H  St., 


■nBitulith 

e,  C.  E.,  CenUsl  Hllle 


'pMsdeS 


Stanley  4  Singer  ConBtmction  Co..  Lafayrtte       B„„t  B™..  82S  Centra]  Bid...  Loa 
Wade,  B.  P.  .Truarille  Brownlw.  S.  P..  Sui  RaTael 


ST',TT^'  ■^  n  ,t  Bn-snl  *'Sc«uiii)kBQ.  Palo  Alto 

WmuJjk   ^b!?^  Dothan  Buma.  Clsik  A  Rov«.  f 

Worthington    C  

piESiBin  _    _       .  '     Waehiiw 


I'f^lt'^.'w'  M™^m-™  ^'•""-  '^^^  *  ^y-  Sa<™n™ 


obert,  MootgomarT 

1    Conattutfion    Co.,    The.    Bii^  CaUloraia-Ar 
WrlJiT."?;"'^  to    n__<^  Waehinpon  St.,  Loo  Aogelca 

noglil,  Jr..  J.  W.,  BiewtoD  CalUornia  Biid  *  Stfoet  Imppovamant  Co.. 

Aroma  Caatni  h  Blaiadall.  Balcnafield 

Central  California  Paving  Co..  UodcMo 

Aubnj  Conatruction  Co.,  Proaoott  Chadwick  ft  Sykes,  Croclut  Bldl,,  San  Fran- 
CaUIoraia-Ariuna  CoDstniction  Co.,  Pboenii  duo 

lluUen,  Wm.  J..  FlagMikff  Church  Co.,  D.  O.,  SJ  Port  St.,  San  Franoiaoo 

Paoheeo.  J.,  Tumni  City  Sttset  Impiovemant  Co..  San  Frandaoo 


s  hia  been  partially  Uatad  by  the  rejection  [rom  the  lirt  of  all 
!  nported  aa''not  found"  by  the  U.  S.  Poat  Offiea  i:>«paKm«it . 
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Conner  Contnetioc  Co..  709  Bicpiii  Bldf.. 

L«  AnBelea 
Cosur  CoDtnatiDC  Co.,  Hemat 


Comril  A  Hendemn.  QWiIaIb 
Cornwall,  J.  T^  Bum  Barban 
Cott,  H.  E.  ■ 

PiKMion- 
Crita.  B,  I2«  S.  .RJo^Bt.,  Loa  Ai 


MoCraj   Co.,   H.   H., 

Bide.,  Log  Aiifclea 
UcCray,  S.,  m  W.  Ave.  S2,  Lo«  Ancdaa 
McElroy,  W.  H..  Mereed 
UsELwuDe,  CbarlH.  Sao  BaioardiDO 
UoGilliTra;  ConKniotion  Co.,  Niodaat  Bldf., 

Sacraiauito 
UsUan  Co.,  A.  C,  S20  Uaikat  St.,  Sao  Ftan- 


E.,  dhambar  o[  CommmM  Bids,. 


Curtii,  Qeo.  R„  U£  8.  St.  Loui^TLoa  Ance^ 

DalMF  Q.  B.,  8ao  Dieco  - 

DavidBOn  Contractint  Co.,  B.  R.,  UoDrovia 

Diialdtl,  J.  XoDE  Beaob 

EatOD  A  Smith,  San  Frandaao 

ElHman  &  Jaeobe.  Eureka 

EntabntaoD,  John,  Coninado 

EaCarly,  W.  B„  San  Fiaadaoo 

Eunka  Favlnc  Co.,  Eureka 

Fairehild-Gilmon  Milton  Co..  PadBo  El«>- 

trio  Bldf.,  Lsa  Anisln 
FatiHh  ii  Co..  W.  A.,  3£S  B.  Hill  St.,  Loa  An- 

leln 
Fedanl  Construction  Co.,  Uonadnoiik  Bide.. 

Sao  Framieco 
Pcnl,  Oisar.  Rivanids 

Focd  A  Btorn,  BradbniT  Bld(,.  Lea  AdcbIib 
Fimnka,  J.  H.,  SSft-lWh  Ats..  San  Fnnoiim 
FnueL  Eineat,  Redlanda 
Fny,  F.  E.,  Sannmanto 
Oarland,  E.  A.,  Vealuni 
Oamiey,  Laish  O.,  Cantral  Bldf.,  Loi  An- 

Qaa^t  A  Foley,  Sbxikton 


I.,  San  Dieio 


Harin  Rock'CoT'iu'Anadnio 

MafBh,  John  D.,  lU  Wilson  Bldf..  I-o*  An- 

Marlhi^.  J,  A..  Berkeley 

Henenau  Bridss  A  Coostnuition  Co.,  Lo* 


GiUbam  i  Bona,  W.  L.,  San  Joae 

Ooodbody.  mTd.,  B,     — 

Qreena,  W.  E^  Tulan 

Haddock.  J.  E„  UT  N.  Charier  St.,  Paeadeoa 


naaoocK.  j.e/^ooi  n.^ 
Hall  A  Hiint,rniio 
Hatt  k  Ducey,  Pasadena 

Ha^^Tibbetts  Conalruction  Co.,  San  Tna- 

Hein,  E.  J.,  MI  StimioD  Bide,  Loa  Asgelia 
Heinauer  A  Kyle,  Watte 
HwdU  A  Felab.  Palen 


Eart    IKh    St.,    Looc 
Paeadeaa 


HoaT«,P 


Howard,  K  A,  A  C. 

HudaiKW^^H.,  K»  Trust  A  Sai 

Hyde  Constnietion  Co.,  San  Dieco 

luell  Canstraotion  Co.,  Corona 

Jadnto,  Uanuel,  Sacramanto 

Johnson  A  Shea  Co.,  Rivenid* 

KeMlna  A  Son.  R.,  San  Frannieoo 

Een>,  W.  A-iAlhambra 

EMlocc,  H.  Oay,  Santa  Ana 

Kettlewell  A  Soni,  W.  A.,  Sanger 

Kueen   Co.,   J.    D.,    Dudley    Bldr,    SanU 

Uonloa 
[oishert  A  Son,  A..  Baoamento 
Liddincton,  Wm.,  49IE.eOth8t.,LoBAn(elea 
Loa  Ancsles  Fatini  Co..  AnaheiiD 
Loe  An«ales  PsTins  Co.,  IMO  SanU  Fe  Ave., 

EiUhnan,  o!,  Bethany 
UaAlidn,  B.  E^  San  Dieco 
UoClsaiy.  B.  W..  121  E.Oijt  Bt..  Lodl 
HaCnr.  A.  L..  IH  W.  nth  St..  Loa  Ancalea 


Selnce.  tv.  h,.  Gurekn 

Bhefer.  M.  T..  120  W.  Sard  Bt..  Loe  Anielea 

ShieiBT  Co.,   R.,  US  Pamfio  Electric  Udc-, 

Bilva  A  Woodi.  FBtaluma 

Bnyder  ConilnicUon  Co.,  Georce,  Upland 

8.  C.  CoatractiDE  Co.,  Banta  Uonica 

S.  C.  Construction  Co.,  Waahutton  BIdi. 

Loa  Anzelea 
Bonthem  Calilonua  ContiuttDf  Co.,  Title 

Insurance  Bids.,  Loa  An^lea 
StaSisD,  Charlo,  Ban  Dleu 
Btone,  E.  B.  A  A.  L..  San  Fraixdeoo 
Btraet  Imprnvemant  Co.,  IH  G«ai7  Bt,,  Ban 
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nbMtto-Parffla  Co..  Su  Fnadno  Flniw.  J.  E.,  Tttt  Kmss 

Tuokor  Co.,  Shall.  Rinrrid*  Rsbnti  ConitTnctim  CoT.  Fred,  Daan 

Tynn  *  Bnin.  Ul  MvsliaBU  TraM  BUf.,  8bM)»  CoaMuxitiaa   Co..  Tb*  C.  Q.,  Tba 

Ldt  Ana^  Ttbor  Opan  Hoom,  Duiw 

Dlriefa  A  HomIL  ICoteto  nolwy-Foner  A  Dolt.  Deovac 

Vonnnll,  J.  T3uU  Bwfaaoi  Whitnay^Uai  Co..  Bymx  Bide.  Danw 

Wwbcn  Motor  DnviBC  Co.,  HI  Nm  St.,  Eook  *  Uakin.  EH* 


Dan  rrBDOUDD  ^        _^-    . 

WhlU  A  OuUn.  LoDjr  Bsuh  Co»b«*™( 

■COy*"^Si™  AbaniCi»iHnKitk>iiCo.,inillnwiitl< 

LO  Fiudno  Arborio,  John.  M  Wud  St.,  New  Ham 

r«    FV_n  AitiMOOt  A  Bro..  IVmot  UiddMown 

■  -  I.  w.  H.,  r-  ■ 

BtUC      ~ 
a  A   HoUliif**orth,   Hamiltaxi.   On- 

'—    -  Butw  %  Dorio,  WtUthatj 

u  Beud.  B.  N..  SililtoD 

BwUd  CooMniBtioD  Co..  Btriin 
BiBknIee  A  Sou,  C.  W.,  New  Bann 
Bnn  A  Son*,  A..  M  Oak  St..  Hwtfacd 
_.       Braan  A  Sou,  A.,  ICIddietows 

Biidcca  Bona,  W,  Amoa  D..  Haaard'rina 
CulwvlL  Anhie  B..  «  Main  St..  New  Britain 
CDnneetHXit  A  Bhoda  labukd  Co.,  tee.,  Utti- 

dm 
CoBMBtlent  Ha— m  Fs*<ns  Co..  Ml  Chapd 

Bt,  Nmr  BaTaa 
DavidaDB,  J..  AnvnU 
IM  CmIo,  C,  in  Omoo  8t^  Norwteh 
Da  HiehM,  J<riuL  M  BV  «„  Tonintlsa 
Donbooa  Bnt.,  Middlatown 
,  Paler.  T.  r..  It  Qninlanl  At*..  Sontb  Nor- 


Unltcd  doDtractian,  Ltd.',  IH  FWrntiin  Hill, 

QiwbM 
Walker.  H.  J.,  OoraweO.  Ontario 
Warran  BltumlDons  Pavioi  Co.  of  Ontario, 

Ltd..  Toronto,  Ontario 

CelnAi 

AD«a  A  UaloDwr.  UttMon.  Boi  M 
SoaUitr'^ .-IB—,,  a — ij_ 

BuPlai 


Boulikr  Conereta  ff  c 

~  ~    '  „  let  and  Imiiaur 


BnrkBAVanchn.QuUaRaok  j^                                        ' 

£°i™¥^  S'  5"  ^  ^"^  ^ .     -u  ^            Buiio,  Peter,  New  Britain 

Coknida  Eatfaawini  A  Conatmotkin  Co.,       Tnoy.  A..  jftoOTvla  A™.,  DwbT 

,^,r'2?W  B.  ...  T™y.  Ed"-  P-  ax)  oii™  av...  d* 

Srild-  MV  uT^  5>r»n.  aw,.  U  Vin,  St..  Ifartto 

Fia  A  Babb.  tOt  8th  An.,  Gredn 

F<n  A  Smith  OMNtraottoa  Co..  noteBea 


Webcl«r  A  Webatw.  Beat  Hartford 
Wlloox,  F.  A..  Norwloh 
YorkHill  Tnw  Baek  Quairy  Co.,  Ifwidaa 
ICnitttf,  Btarlinc  Ddaitm 

'COHtnution    Co  ,    MO    BaieUv       >uider»on.  loeeph.  Delawaradty 

A  Conrtnietios  Co         Hrilin^worth.  I.  J„  Wilmincton 


olmt  A  Allen  npe  A  Cc 

HoPbM  Bide-.  Denvn 
mkuia  A  Branaon,  t^a  Anin 


Uiaon,  Chitat.  Ha(«bki»  Dutnel  «/  Cohintw 

Lumaden  A  Oordon,  Canon  City  Bnniin  Co.,  Warm)  F.,  WMhioctos 

Uonla,  A.  A.,  Ooray  Browne  A  Oulina,  ma  Mtb  St.,   » 
Oana  ConMroetioD  Co.,  Dooth  WMliinclon 
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Cnnttnl  PbtIdc  Co.,  WHhlnitoB  Pajma-C  U..  Bpobiw 

Hort.  ChM.  H.,  Etuib  Bldf.,  Wuhlncton  BUok  Brm.,  Bc^m 

llii^J^.._p«.  B.,  llth  •nd  KMUMdr  at<.,       ^nku*  Bitn-HiH  fvriat  Co.,  Tlw,  Bud- 

Bnnton.  A.  C,  Boba 
lorUa  TuuMT  A  Cncon.  Idalio  Palb 

Wirm  CtautruotioD  Co.,  Bniw 


JD  *  piibsU  Dixon 

ADsD  ConatnutioD  A  Bappir  Co.,  CUoMO 
AncuiU  Rowl  Impmrvmut  Abo.,  AscDrti 
Basr,  J.,  Stnatot 
Bldl,  F.  e.,  Ewnpshlr* 
B^  A  Co.,  R.  E..  OtUn 

BVDAWolt  CoDStrODtM™  ^Tn  .  Pwwfa 

Baum,  Ralph,  Paiia 


Capital  Pavinc  A  ConatmBUan  Co.,  Tliomaa- 


PnatoD.8ii»U  CoDitnutioa  Co.,  Uaoon 
Soulbeni  Ilia  A  eton*  Co.,  101  Walla  St., 

AtlanU 
Turnar  A  Mantntn,  Uacon 


Oiutafton,  J„  BoiM 
Htllmar,  Charlaa,  Idaho  Falla 
Kaatar,  O«o.  H.,  LawiiUn 
HeNkll;,  F..  PocaUDo 


AKBBICAN  KIQHWAT  A8SOCUTI0K 


OntdD.  P.  J.,  ARsk 

Owid  RoidiCoaatniotian  Co.,  Chnfo 

Onmte  City  Lima  ft  Ctmcat  Od..  CruiiU 


Pmli.  John,  Vumiim 

Pmncer  &  Flctebt*.  Bins  Iitend 

PrDaaer  A  Hillidkr.  Cairo 

Proudfoot,  F.  O..  IZl  N.  Dwirbecn  St.,  Chi- 

Poblic  SerrlM  Cooitniotion  Co.,  E.  Paoria 

R«tb  Btoa..  BcllaviUa 

Raea.  H.  J.,  Quiner 

Roetalat  ft  Cnipnus,  Ut.  Carnid 

Rutladn.  A.  E.,  Roekfcnt 

Ry«D,  EhiTid.  Alton 

I^BD  CoDitnietion  Co,  D,  i^  Holfiw 

Saokle;,  Junea  A..  Chicaco 

^Ifiibcrc  ft  Co^  J.  E„  Aaitm 

Suff,  JoEn  A.,  VirvoU 

SutoD  Co..  B.  S..  331  B.  Uiohifui  Bt..  Chi- 

SehilliDE.  John,  DoltoB 
BaUft  KoUw,  Pbu 

Shanahan,  R-  F^  Quiner 
Shidlir,  F.  L.,  KanlukM 

ft  Co..  Ewing,  Jdiet 
J.  C^  Cbleuo 
I..  UsllaaCStr 


Hat- 
Lord,  E.  A.,  IfoiuDoatli 

Lowfa  ft  Bod,  W.,  Haiion 
UoAlIiaUr,  John,  Peoria 
HeOaba  A  Uaul«.  East  St.  Lonu 
HeCaiubey.'J.  J.,  Weat  tOth  ft  HoDand  Rd., 

ChicaiD 
UnC^iilay,  J.  B.,  Oakaburc 
HoCoDneLI,  J.  W„  Carthaca 
UDElwell  ft  BuahaU  Pmu 
UcOarnicli  Broa.  Contnotinc  Co.,  Chiai0> 

UoOany  ft  Co.,  J,  A.,  IBS  W«at  HkiUmn  St., 


Bsydw  ft  Bamatt.  Bmokton 
atandard  Panui  Co.,  Cbiea(o 

Stemirt,  Jim,  Frscport 

Btipea  ft  Filcher.  lOB  S.  Walnut  Bt„  Chua- 

atipca,  J.  W„  Champ 
Stoslnr  Qranl  ft  C 


.  L.  A„  ItobinaoD 


McKntof"' 
HeWUiui 


MarqaMta  Conatniotion  Co..  Chi 
Ifedaria  Conatniotion  Co..  K.  A. 
Uebaffy.  John  E,  "  ' 
Ueyar  ft  Tboniai 


TwW,  fVank,  ^Mden 
Thompaon  Co.,  A.  D.,  Peoria 
Todd.  A.  N.,  CbicwB) 
ToKvor,  W.  k,  NoWb 
TrenlnDBoh.  P.  F.,  Rook  laland 
TrI-City  Cocatnictian  Co..  Rock  Ii 
Tuoke/,  Ricbardjl' "- 


itnutioD  Co..  £aat  Bi 


Tuttlfl.  8.  A.,  E.  hiiria  St..  D 
Ubde.  W.  H..  fiiBBnun 
Cplon, 

V«t.  John  D.rBeiieviile"'  ~ 
Wdtar,  W.  J.,  OIbdcob 
Waid  ft  Sod.  Andrew,  Oak  Glen 
Ward,  F,  J,,  26  E.  JaA»n  St.,  Chicaco 
Waukjegan  Improvement  Co.,  Waukecao 
Welsh  ft  Ban,  Henry,  Springfield 


[illerft  Huaband,  BprincO^ 


Uulnil  Broa.,  Box  81,  Alton 
Umphy.  D.  E..  Pana 
Uyar  ft  Thor—  " 


White  P&vini  Co.,  thioai 
WiUium.  Roy.  Cain 
Willi<ton  Construction  Co..  Chicaco 
Wolf.  Riky.  Alton 


Confltruotion  Co..  Hurpbya-       Zolpber  ft 


Oawalil  Braa.,  Albambn 
Patterson  ft  Co..  J.  O.,  Bpr. 
Payne,  Charlaa,  Waukeno 
Peerleaa   Enfineerini   ft    ( 

Glenellyn 
Polk  Concrete  Conitruotion  Co.,   lUT  Utb 


Aekarman  ft  Co.,  Jake,  LAporte 
Ablbora  Conitructimi  Co.,  Hjinmond 
Ailonan.  Peter.  Dana 

Aiax  CoDHtructinc  ft  EnuDHrint  Co..  Gary 
Allen  ft  Co.,  W.  E..  HillaSwo 
AUan-BuiM  ft  Sweat,  Qreeocaatla 
Anwrioan  Conatmction  Co.,  Indiac^ulia 
Applanuui.  P.,  Plymoath 


CONTRACTOBS  BIDDING  ON  HIQHWAT  WORK 


SIO  AMSBICAN  HIGHWAT  AS80CUTI0M 

Johnioa  A  Don.  WbielHaler  Palmar.  I*"""-',  HnndiictaiB 

Jona,  Oku  L..  Colombia  Qtr 
Jordu,  Lanjy,  Colunbo* 
Klin,  C..  HuduyTiU* 


Katta  A  B«ila;.  HunUsitoB 


Uoon,  J.  B.,  LoKUiaport 
Hoyw  A  OoodaO,  I*  PocU 
UuiTihiD,  ThoL,  Tun  Hwita 
Jttm.  W.  J..  FMokfoct 
NsidliKtAC      —  -         ■ 


wAll 


Nartharn  {Z^uutniotiOD  Co., 

Noitharn  Canatraetion  Co.,  Elkhait 

North  Indiana  CoDatmstion  Co.,  NuipanM 

Nortb  A  Co.,  C.  W.,  Blufftoa 

Nupnt.  a.  T..  EartaviUa 

O'Connor,  Rolxrt  E.,  Fort  Wayne  iuimi™.  i>..iai>ij«c 

Oilar  A  Farlan,  lAfaralte  Tnpptc.  A.  O..  Pani 

Oilai,B«ninnio.B«lll«  Ground  "" m'—i. 

O'Nnl,  Uaitin  F.,  Jcfianoc villa 

O'Lauy  A  Soai,  P.,  21  8.  IS)  8t., 

Hauls  United  Favini  A  CoDatruetion  Co.,  InAu- 

Palmeri  Co.,  Geo,  H,,  lAanipatt  apolii 

Vtimn,  Uoon  A  Co..  Locanapnt  UUay,  L.  J.,  Ht.  Vonon 


CONTBACTOBS  BIDDING  ON  HIQHWAT  WOBK 

Wilkw.  t.  J.,  HuBtlBctoa  Wood  ft  Co.,  L,  C„  Aldu 

Waid,  Tbotua,  Ottarbaln  Yonnc  A  BugHbv.  BuTtiiistoD 

WatHi  ft  Co..  J.  H-.  Kokomo  Zittnll'*  SnlUran,  WtbaUr  Gtr 


WUk  *  Co..  RuihTllk 


Yda  Conatnistiim  Co.,  F.  W.,  Ciifl*rrlll* 


AMBRICAN  HIGHWAT  AS80CUTI0N 


Ontti  Contnctinf  Co..  Ill  HeniMD  B 

KswOilaui 
H^  C.  U    Now  Orliwu 


HlobCo.,  Shnnport 


R«d'CoTc«™i,  Lm 


SobooUMd,  B.  L.,  Bit  ColombU.  St.,   Naw- 

mt 

Shup,  G.  P..  Middl«bon> 
Stone,  N.  E.,  MadinnviUe 
Vwi  DiTtr,  J.  Huray,  Hurtxlsburi 
Vu  Pnten  *  Co..  O.  W..  Gmnup 
VftfltiD*.  NowUuidfl  ft  Lotm.  Cavinctoti 
VormimoD  i  Sni.  T.  J  .  BubourriQe 
W«t  Kratiuky  Conxtnictjon  Co.,  WtBklUT* 
mnelMator  ConatnictioD  Co..  WiDclHtsr 
Woodruff.  W.  F.,  Station  "A,"  Louiarilla 

Lauitistn 

Albao.  F.  A..  NiMlbuu 

Aloonder,  t.  F„  AudabOD  Btdf'.  Nsw  Oi- 

AHm),  A.  A.,  Bcjrou  Qouk 
Ameneu  DstbIop' —  ^~    '" 
NevOrlMiu 


n  Denloiuni  Co..  MB  Hannen  Bide., 


H.,  Naw 

S^Bj.  U.,  itukBvilla 

BUkamon,  A.  B..  701  aninsD  dioc..  naw 

Orlaua 
Bndy.  E.  P..  IfaobMk  Bide,,  tff  Orlauu 
BimK  1-  L.,  Bona 
CkloBcna'i  Sou.  S.  A.,  Na*  OrlMin 

arbo,  B,  J,.  Aksudru 
mt,  W.  R.,  Box  »1».  8h«¥«port 
Cbaoddr,  O.  J.,  Alemndria 
Comaiford,  W.  J„  *JT  PaniuiylvMilm  St..  Naw 

Connd.  Oao.  H.,  tOOfi  Daaphine  St.,  Naw 

Coiutut,  Fnnoa  T..  P.  O.  Boi  no,  Alex- 
andria 
Cravan  ft  Co..  J.  A.,  »]S  Hibarnia  Bld(..  Naw 

Dalpun.  L.  U..  318  Bammoa  St.,  Naw  Oi^ 

De  Janey  ft  Naff,  Opelouaaa 

Doullut  ft  WLUiami,  New  Orlegui 

Ecan.  Tboa.,  4330  Cuial  St..  Naw  OriMtu 

EclutoD.  How*rd,  ISIO  Hibenik  Bide.  Naw 

Eppla,  Oeo^  Shravvport 

Famt,  L.  F..  311  Bairoiuu  St.,  New  Orlsna 

Oallar,  A.  J..  Alaundria 

Qarii.  Geo.  W..  Baton  Rouca 

Oanftud.   Manal.    IVM  Tulane   Ave,.    Naw 

Oanae  ft  Sou,  J.  W.,  Baton  Rome 
OeocsB  ft  Raoabottom,  Ateiasdria 
Oarao,  W.  E.,  Calnmbia 


Alaundria 


^^klj 


Hntb  Dnd^Di  C 

IvBT,  D.  E.,  Her ^ 

JaokaoQ,  C  S..  Crowley 
Jafanaka  Navir— " —  '^^ 

Jonaa.8.  K.,  . , 

Kaofr-Kelly  Coaatmetion  Co..  Naw  Orleana 
'  '       '.,  2&M  Macaaina    St.. 


■^?.g 


I,  Chaa..  S3)  Canindelet  B 


J.  tr,  Belcber 


Nawnian  ft  V^ilda,  Venneer 
NLcholAOTi.  Robert,  t-dke  Providence 
North  Louinuia  Cooitniction  Co.,  Bantan 

Pi»u,  W^lm»,'McCidl 

Pratti.  N.,2S]T0nu(aS<.,  New  Orleana 


_.  _.,  Alaiandr 
imploD.   7823  t 


Ryan. 


I-.  Bayou  Catrnt 

1218  Iberrille  St.,  Naw  OrWna 

..,  QenneD  Bld«..  New  Orleana 

Simnu.  J.  H.,  AleEandria 

Smitli  Bita.,  Conahatta 

Slavuu,  W.  L..  New  Orleana 

Taoba    Tranaportation    ft    Foal    Co..    Tbe. 

Fninklin 
Tioca  Qraval  Co..  Tbe,  Alexandria 
Thmruu,  A,  J„  308  Hibamia  Bldf..  Naw  Or- 

Watfal  ft  Co.,  Alauodria 


Amarican  TtikIc  Co..  Kittary 
Benedict,  C.  T.,  HtC^ald 
Bart,  JohnlA..  Brownnlle 
CUSord.  John  D.,LewinoD 
Cunnintham,  F.  W..  Portland 
DoncbertT.  Wm,  J„  tt  North  St..  Portland 

1!VLh   a-  fllnxAn      "        ■  ■ 


OuUii 

Huchaa,  Uurtafh,  Bangor 
Loi3.  Ediar  I.,  Bar  Harbor 
ICahonay  Conatrustion  Co..  St  Hi 

Ualoe  Trap  Rock  ft  Conatruction  I 

land 
Uitahall.  E.  T.,  Oakland 
Unrrsy  Bne.,  Banior 
Uunay.  Cbaa.,  Houlton 
Neally  Co.,  J,  Barton,  Banco! 
Noyaa  ft  Campbell,  Aucnata 
Sawyer  ft  UoultOD,  Portland 


CONTRAcrOBB  BIDDDfa  ON  HiaOWAT  WOSK 


Small  k  iD^Ua,  Bu  Huboi 
Small  &  Inialla,  Banaor 
Smith  AHanr,  WTSullivan 


:  Hanr,  W.  Bulli 


Sell  Brat.  Co.,  Cumbarlaad 
Slinduff-BrswDS     Co.,    1106   Hud 
Baltimo™ 


Bwann,  H.S„  Faulkner 

SwwtoD  &  SoDi,  B.  F.,  Baltimon 

Talbott  Co.,  U.  A.,  B^timon 

Thomaa,  BeiuMt  i  Huntsr.  WMtBUDilar 

Vane  CoBatnictiDa  Co..  Cumbatend 

WaMOb^  L.  R,  Thurnumt 

Walah.  D.  E.,  WngUainaur 

WansD  Ehret  Co.,  Baltimore 

*" '-'-ic-Tuthh    CooiCrwitian  Co.,    SaMoi 


Utiiis-I 
§ld|.. 


Bait)- 


^ul  (!Wtruotian  Co..  Nsw  fawllOnI 

Aoauu,  Edward,  North  Andonr 

Algir,  C,  T.,  TauntoD 

Armor  Cooerat*  ConMruMioD  Co..  John 
Haooook  Blil(..  Baton 

Atkini,  Gao.  A.,  Palmar 

Atlaa  Co^  811  Old  douth  Blds^  Boiton 

Bakar.  Chaa.  I.,  !S  Hutlbort  St..  Ckmbridfa 

Barton,  Cyrua.  78  8,  Walkar  St..  Lowall 

Bartbolomew.  E.  U.,  ShaSald 

Batebaldgt,  I.  T..  North  Reddinc 

Baanr  Conatniotion  Co.,  IW  F«ni  St.,  Pitta- 
field 

Benedlot,  Olin  T..  ISU  North  St.,  nttaGeld 

" '-m  Co..  ZW  let  St.,  Eaat  Cambridga 

"      "   U..  lOS  Uarah  St..  Donbea- 


LK  Co.,  Baltimc 


nib«t  Pavioi  k  ContractiD 
Rshn-  4  CuTDita.  Baltimo™ 
FUniian  A  Sana.  PaLriflk,  Baltimon 
Foraytbo.  T,  C..  Boliir 
Fuller  Broa.,  Froethun 
Oatoh  it  Sous,  Thoe.  B.,  Raipaburc 
Qaykwd,  Brooke  A  Co.,  20  E^  LeiiiwtoD  St., 
Baltisioie 

luitabls  Bld(„  BaltimOTa 

.   11  B. 

i^auDEtOD  B[„  luiiunon 
Hif  hway  Conitruetion  Co.,  Fradtriek 
Holt  Construction  Co.,  FedoralabDrB 
Hope  Conitruotion  Co..  DeatOQ 
lale  of  Wiiht  Load  Co..  Ocean  City 
JawaL  Ooo.  W..  Annapolia 
Kaylor,  H.  W„  Haienlown 
Keu  A  Claik,  Cumberland 
lAuer  A  Harinr  Co  .  Ballimot* 
Loni  Contractini  Co.,  Oaoraa,  Baltimore 
Martin,  J.  W..  Annapolia 
Uaryland  Amieaite  Stone  Co.,  II  E.  Fayetta 

St..  Baltimoie 
Uaye.  B.  IL,  Qlenooa 
Meaaanier.  R.  W.,  Foderalabiin 
Hullan.  T.,  Baltimcra 
Niehola  Bm.,  914  Covutlaod  Bi 
PadceK,  Robt  J., ~ 


BnKlliy,  Uie'teal  A 

Bruno,  Thomaa,  Eaet  BoeloD 
Bruno,  Tbomaa.  70  Vane  St..  Raven 
Bryne  A  Co.,  Oeo.  M.,  7>  Milk  St..  Boaton 
BuUard,  O.  O.,  Starlinc 
Burnett,  H.  A  D.,  Fninklin  Park,  ttann 
Bumbam  A  Poor,  North  Andovar 
CamATOD,  Miohoal  L.,  Lee 
Caiebia,  A.,  East  Weymouth 
Oenihi*.  L.  Cj.ISS  adem  at..  Boelon 
Carr  Co..  a.  W.,  513  Main  St..  Woreeatar 
Caahman  Broe..  Newburypart 
CelliUi,  C.  1.,  aOS  Watar  St.,  Sprinc&eld 
Central  Conetruotion  Co.,  Ni  Soutbamf 


Cbilam  A  Co. 
Cinadelia  Bnx 


'."i. 


autbampton 


L..  Franklin 


,  Co..  H 


k  Huvnal  8m„  Cbal- 
TiamoDt  St., 


Rsddinftoo,  P.  F..  331  St.  Paul  St.,  Balti- 


Behnrtdw  FkTini  Ca,  F.  K,  BalUmota 


AMMUCAM  HIGEnrAT  ASSOCIATION 


L.  J.  J..  K  PlHwnt  St.,  Snarly 
f^Tiiw  Co.,  no  lUin  8l.,  ffonx 


Holbrook,  Cabot  &  Rolllni,  Bonoo 


Hod(«,  Aithur.  M7  Uilk 
Holbrook,  Cabot  J  ~  '" 
Horn*,  Chu.  E.,  kiioui]- 
Bub  CoEMttiKtiaii  Co.,    IN  HarriihtS  St., 
Hcsbury 
...J —    n   ^    "■  "^-"---r  at.,  MdroM 

.,   107  Tarrwia  St.. 
a  Co.,  1  Walku  Bide, 

lotukitoarJiL  H.,    17   Bcvdmui  St.,  N«r- 

buiyport 
Eestiiic  h  Co.,  J..  Fit«bbuit 

Ksith,  Wi "      '•"  "-■■ 

Kally  A  Bi 

KvuBAy,  Uio 


Pcvaw,  EverMt  S..  124  Bh  St.,  Eut  Ltbh 

Polcuo,  John  W.,  PittaSeld 

Pomr  Bra.,  Ill  MoDtcUo  St.,  Biockton 

Pr«tl,  W.  R,  D»lton 

lUflerty  A  Co.,  Wm.  J.,  33 

Sooth  Boston 
Randl*,  Oao.  T.,  Boatos 
Rourks.  E.  J,.  Atnncton 
Rourkj,  Jokn  J.,  f 


SeuB.  km.,  IJhI  Itsoi/i 

Bin*.  A  Sod,  W.,  W«t  Quinsy 

Bbnlaui  Co.,  D,  J,,  Lyoo 

Slmnon  Bna.  Corpo»t»ii,  Boitoa 

Smith,  Edmtd  F.,  20  Plymouth  St.,  War- 


1  B..  IMS  Hud  St,.  Cuspalb 


I.  W..  H 


id  aub,  L 


thbridn    : 


A    Supply    Co., 


1   St.. 


Ksttls  Brook  BtoD*  Co., 

Eiely  A  OhMon,  NarthamptoD 

KiUorin    ContrKtinf    Co..    t    Wilnot    St.. 

Wkkte^d 
Kitfiald.  E.  H.,  M  Comhill,  Bostoo 

I^nnriD.  Mam,  t  Snow  St.,  South  Bride* 
L>vdl«.  E,.  Qulnoy 
Lsuh.  C.  N  ,  P.  O.  Boi  21BS.  Boglon 
LciulbMUr  A  Sona.  Q.  E..  0  CotiMt  8t-, 

Lettanay,  John  H.,  101  Tiemoat  St..  Baton 

Uw^a,  J.  8.,  WiUUoutowD 

I«y  Conitrustion  Co..  Fr«d  T.,  Sprincfiald 

LiothKn,  John,  Bewrly  F»rma 

Lone  A  Co..  Jcaeph,  Laomiutar 


Tomia^.  A.  O.,  SO  Oibaon  St.,  Boalon 
Trumbull.  C.  B.,  nil  Tramont  Bldf.,  Boaton 
Tutcla  A  Edcariy,  Swimpwott 
WunnbMh  A  Son,  J^  Lawrensa 
Wilksr.  Lorini  B..  Clinton 
Wan.  John,  IB  Aah  St..  Cambridn 
Varran  Bnia.  Co.,  Ui  Bcrkelay  St.  Boaton 
WatUtu,  Juoaa,  10  Fern  An.,  Ra*din( 
Watkina,  Janlaa  B.,  AniaabuCT 
WalchTJamta  J..  14  Bridaa  St.,  Salam 
Walllncton.  A.  1.,  33S  FiukKn  St..  BoatOD 
WallfcQ .  Arthur,  U7  Vernon 8t^  WonealP- 
Whippb  Co.,  R.  C,  »»  Kaia  St..  W 


OONTRACTCOtS 


ON  moaiTAT  WOBK 


WonwMr  Broken  Bton*  Co.,  : 
Woimtor 

Yoanc,  E.  E.,  Badford 


a.  Clur, ' 


■bbwvlUa 


Homjlo^,  R.  f.  D.  ■  t,  Hidlud 
EutDhiD»n.  W.  B..  Skult  Ste.  Uuia 
Byde.  Elonio,  Uuon 
ImalKin,  Paul,  Iron  UouDtaln 
Jvwvtt,  Burt,  CheboycBii 
JohnAon,  Fred,  HanomiiiM 
JohiuoD,  Quat,  WalboB 
Kloota,  John.  Grud  Rapid* 
Kbbpp  Co.,  W.  H.,  Uooiob 
KnoaCano.  ~    ' 

LanoD  i  CiAbam.  H^la  Ridca  " 


Lott.Ed.,  InmHSer 
Lowe  ft  Bteen,  Kalanuaoo 
Low«ry  A  Haoix,  Jaokion 
UcBridn,  Frulc,  Coranna 
MflCraoien,  W.  W.,8t.  Jowph 
UeCneryTC.  W.,  Boi  SI,  Orid 
UcDarmott  ft  Coapw,  Grand  R^>id* 
McKeaay,  Jai.,  Ononijaca 
"-'--'  -    /,  I>aD.  OainM 


HaLwl  6>mT 


Carbide  dompuu',  SanltSl 

Carlo,  Fiuk,  Ht.  Clemana 

Caipaotn'  A  AoderaOD,  Qiand  Baoida 

Oarvan,  WaKer,  Maeon 

CoMaa,  Omii*,  UueubIiis 

Ci>iis,H.  A.,  Midland 

Cuiria,  Tbot.  E.,  Detroit 

Ddaui  ft  Lynn.  SsottTilb 

DaloyU,  J.,  Fort  Hunn 

Etatta  Contraotina  Co.,  Eacanab* 

DMndt  Aiphalt  Pavini  Co.,  Datmit 

Dyke,  Frank,  BoUand 

Enekatni  ft  Bon,  Louii,  labpaulnc 

F^mar,  AmOB,  Qaatinn 

Flbon)LimntoiwCo.7BaQlt  SI*.  Huie 

Foaalaginr,  D.  &.,  Bt.  Icnaos 

Tow]»t,  Bert,  Taws*  City 

Pin.A.J.,  Almont 

Fraanun,  F.  H.,  Eniadina 

Fneman,  Haury,  Gonld  City 

G*«k.  Andrew,  523  Ada  St.,  Oaoaan 

Globe  Conatnictloo  Co.,  Kalamaaoo 

OcManft  BotarTtvuifarCo.,  Grand  R^d* 

OcxKi  Roadg  Conalniction  Co.,  Port  Bumn 

Qredean,  G^  Nocww 

OreanTille  Oravd  Co.,  Jaekaon 

Hall  ft  lAbbjt,  IjiuriuiD 

Htlu,  Ray,  Leilie 

Harr,crC.,Hunilh 

Hanlinc,  rrank.  Soottvilk 

HanuTJobn  H ..  DMnit 

Hatch.  J.  C,  Nila 

Hallslti  Co.  J.  R^IrOD  Mountain 

HaBBtDUBra,  Akron 
Bayatack,  R.,  Kalamaaoo 
Hl*k**Bart>*i.VBlMa 


ICadiaon,  Chaa.  E„  St.  Icnaae 
Hafaman  ft  Green,  Grand  Rapid! 
Martin,  W.  S.,  Wyandotte 
"      "       ■■'■■■■         Detnrft 

B<Kl>l,DBak<r- 


Co„  IDS  8UH 


AHBBICAH  mOHWAT  ASBOCUTION 


VuidarTMr,  P.,  Qnnid  Bwids 

Tonltn,  EucoM,  lomk 
Wabw,  LoD,  Kndd 
Walka,  ChH.  V.,  Fnmant 
Wud  &  Son,  Auinw,  0«k  Olan 
W«brter,  Oebin.  SaotU 
While  Uarble  Co.,  MuMou* 
WillikCDi.  C.  E  .  Orud  Rapid* 


Aduat,  8.  H.,  Onnu 
AdolpfaHD.  Ed«..  AitUa 
Albert  L«a  Coiutn»Iion  Co 
Amn,  Wylin,  Alida 
Andnwn,  Cbu..  St.  Psta 
ADdenon  Co.,  Joho,  St.  Jm 
Aunt,  John,  UaUud 

Balirens,  Pgtv,  K 


BotlB,  6eo.  iteiu 

BiltDu,  C.  H..  WiDona 
Bl>k«!y  Bros,,  Turtb  Eiw 
BodiD  A  Son,  Auiiiat  A..  Dn 
Boulter,  AdalchfaibboD 
Boelter.  Juliue,  Headsnon 
Bowen,  W.  L„  lmk»  CSty 
Bnwi.  JuDce,  Q»en  Ma 
Brogui.  JabD  8,,  St,  Peta 
Brown,  Charln.  Red  Wmi 
Broini,  David,  KlrnbaU 


ChadbimiB.  W.  F..  Elk  Rivar 
CbaDdoDuet.  Thos  ,  Wauban 
Cbarland,  Oso.,  Uankato 
Cbaas,  John,  ChatSeld 
ChriatoSanoa,  Chriirt,  Baclar 


ClM«b,  D.  H.,  ndaUtr  Bide,  I>nlitth 

Ckiffin.  A.,  UtsfaOald 

Collin*.  Btaoe.  Fillanr 

Cbnna  Co.,  E.  W.,  Hibbinc 

Cmmmalt,  Vm..  fioa  Rlvir 

Cnrtise  t  Cviry,  UtchSeld 

Dahl,  E.  A.,  Columbia  Bide.,  Dnloth 

Dean,  Fnd,  New  Auburn 

Dennar,  Dalora.  Ft.  Rinlay 

Dmnna.  Wm.  T.,  Pa&  Rsinda 

Doerr,  Ht/ory,  HeoaerKHi 

Donitui,  Ju..  QiMD  Iile 

Durkaa,  E.  E.,  <^iM 

Eekhart.  Joe.,  Olbboa 

EMThib,  EM.  B«ter 

Elliott,  W.  H^  Plainview 

EncMnHB  A  Huford,  NorthAald 

Eraratt  A  Hitch.  Bntnsd 

Faloonner,  D,  U.,  AiOdn 

Falitad  A  Son.  Lake  ^ilaoQ 

FtUar,  Anton.  DmkU 

HaldiDi  ft  Shapl^.  >!■  W.  Dninnl^  A 

BtTWal 
ntnr,  Oeo.,  Comfiar 
FUnk,  A.  B..  Canter  (Sty 

Foranan,  LwLKpaaUuw 
Farter,  Oeo.,  Eeltin 
Fowlar  ft  R«v,  Uukato 
F^,  W.  ATElk  Hinr 
FuUir.  W.  L.,  Nbw  Auburn 
Folton.  E.  R-,  Uanhatl 
Oannal  CoDtraetinc  Co.,  Doloth 

Oeneral  Conttaetin"  ''-    "' 

Qibb*.  Cliflonj.  St 
Oilmon,  John.  Brunera 
Oliddan,  Sam,  E^k  RiTW 
Oon,  E.  L..  Madelia 
Crear,  Richard.  Zumbro  Fall* 
Hanion  ft  Oakeh^TTinona 
Eanaoa,  H.  C.  Colarain* 
Haidr.  Ed.,  DawU 
Hart.  R.  B..  WaUanl 
Hartman,  John.  Krilil» 
Hawk  ft  Hurley,  Fulda 


Held  ft  Haeberly.  N« 
HilL  W.  H..  B«2ar 
Bo(F.  Wm,,  Had  mnc 


1,1.  "6. 


laacar,  ifiehu;^  Wnthtop 
'nnson  Broq,.  Ueartmnk 
rhnaon  Bf^.,  Uankato 
jhnwin,  Chriit,  St.  Paul 
(ohonn.  E.,  Watartown 
Johnaon,  J.  A^  Duluth 
Judae,  B.  T.,  Elk  Ritw 
Kedar,  A.,  Anok* 
Eeoii(h  Broa.,  St.  Paul 
Hlnc  Oeo.  R.,  Dulath 
Lana,  J..  Chaaka 


Loncoor,  J.  W.,  R«d  Wing 
Lund,  Slaa,  Onamia 
If  cCasn  Co.,  Iawisucb,  ETslath 
HoCava.  John.  Haaepoa 
UoClura  Contraotinc  Co.,  SL  Paul 
UnCoiDuDk,  C,  H..  Wahkon 
UoDonnall.  P..  Duluth 
UeFRrUad.  Robert,  PLainviaw 
UoKinnon,  Naiah,  Bamidji 
MoMahanan,  U.  J.,  Onen  U* 
Maaon,  S.  O.,  Redwood  Palk 


00NTRACT0B8  BIDDING  ON  BIOKWAT  WOBK 


Uiookow,  Joho.  UUItUIb 

Nail*,  Utrtin,  Ariitutoo 

NebOD,  A.  N.,  Duloth 

NelwD  Broa.  Co.,  HiQDMpoUi 

NewquiM.  Emll,  Carlton 

Nortbam  CamaDt  CoMtnutioD  Co.,  Prinw 


Amerioaa    Conotmotaon    Co.,    Naw    Nalaon 

Bidi.,  KuuM  at^ 

Andsnon,  C.  B„  Joplin 

Braanaluin,  D.  T„  Eanmatr 

Brown  A  Hall  CmutruBtioD  Co.,  1111  E.  IStb 

St.,  Kanaaa  raty 
Bma,  J.  F..  8t.  Joaaph 
Bjreniuuui  ConatmotioD  Co.,  UK  S.  Qnuid 

At*.,  Bt.  LoDJa 
Cannean  Bra,,  Eannatt 


■ukr  Cooatmction  Co.,  34ll>  Kanmod 
An.,  Kuaaa  CUj 
aiBoil,  M.  B„  Uonatt 


Parins  C 

»  BUc^St.  Loula 

Butane  P.  A.,  300  BrTint  Bide,  Emou 

Hoorar     firoa.     Conatrnotion     Co.,    Ksnaaa 

Ctty 
Hwatos  A  Bland  Stona  Co,  Hansibal 
Jalek*  A  Co.,  Kanaaa  dtr 
JoUr,  H.  H.,  Poplar  Bluff 
Kanew  Cniabw  Co..  MI  B.  Armour  BM., 

KanaaaatT 
Koch.  V.  E..  Joplin 
Koat,  H..  Joplin 

Laod  ConatruMion  Co.,  8t.  Joaaph 
Littla  ±  Hara.  St.  Lonu 
I^mcb-MeDoDald  Conatroetion  Co..  Hobarly 
HoConDiok,    F.   P.,    Kia^blUT   Bldf.,   St. 

UoKIwDk,  A.,  Bedalia 

UoMoiTBy  ConatructiOQ  Co.,  Kaoaai  City 

HaMmrar,  J.  N.,  TOS  Sharp  Bldf..  Kmum 


atji 

D,  Edcar,  tibartj 
nm,  E7,  Kid  *  E 


HMt  Jr.,  Jo 


Jabs  F.,  CluUiaotb* 


Co.,  St.  Lonia 


Onnd  At*., 
iCItjr 


AUBIOAN  HIOHWAT  ASaOCUTION 


aU  Ooaftmstioo  Co.,  Bt 

miaoi.  B.  r.,  IfiiMi  Cttjr 
millami  CaoMmotion  Ca,  JopUa 
mfaoa  ft  ToHiuui,  llonro*  Qit 


Urn  itinok  ConcnM  Co.,  »'-''-r*" 

Uicoln.  J.  C.  ButU 

Hitbitwn,  Alfrad,  OiMt  Fmlk 

Hatedl.  Robsrt.  Butta 

HoQtau  Pavlnc  Co.,  Gnat  Falli 

OUver  A  Brulwker.  01«Ddln 

SuMT,  Fnd.  OiMt  F»Ua 

SIvBT  ft  Sou,  J.  R.,  ButU 

Bmuny.  D*n,  Hslana 

Two  llbmola  Cnutiiutioa  Co.,  DKton 


^viiDfi,  WoJtei  S-,  UooiectowD 

0«il«  San*.  John  S.,  30  HwtfonI  St.,  Nra 

GibbL  N.  T.,  CkmnitiiM 

OIU.  A.  W.,  ST  Spiiiii  VkUay  An^  HKkio 


IB  Co.,  HftTtkwk 

. «  Co.,  FkOi  City 

Natloul  Rcofini  Co.,  Omabi 
Om»1u  Btnistun  Btcd  Co..  Omalu 
Pirkf  Co.,  Owtv.  1313  N  St.,  Omah* 


Billra',  Chu.'A.,  Suneook 

CaTuiaufh.  J.  A.,  Uuielieat«r 

Jtwall,  W.  W..  GorhiuQ 

Uuollq,  Jim.,  Fordmontta 

Nolan,  R.  E.,Boi  2A.  Milton 

North  Eart  H«a!  Co..  Naahua 

Nowell,  John  C,  Fnuiklis 

O^nod  Conatniotlon  Co.,  11  £.  HolIU  St., 

Naahoa 
PIka  ft  Bon,  L.  H.,  Uoonia 
Boratton,  L.  B.,  Portamooth 
Sbaa,  P.  D,.  Poitamouth 
StawarC  ft  anodfraaa,  Uariin 
TUton,  8.  D.,  WootbvUla 
Wood*,  Wm.,  Laaonia 

Badir,  Edw.  L.,  Atlantis  Qty 

BwBbanar,  It.  H.,  TV]  N.    Ittli  St.,  Eaat 

BankaT^E^  N.,  midwood 

Banoett.  Q,  C.,  Uaculia  Ava.,  Park  Ridfa 

Bantlay,  John  C..  Elitabatb 

ficraan  Conntr  Conitruotion  Co.,  CUffaida 

Park 
BrMkett,  Q.  F.,  COItou 
Burka  Co.,  Joaepb  F.,  Flainflald 
f^iHTTufcllw  A  Qo.,  P.,  Weatfiaid 


ainlon  donitruation  Co.,  3M  Charlaa  Bt., 
Bobokm 


UcCab*  Bioa.,  BayDDua 
IfoUahoD  Conatnution  Co.,  Namrh 
UsGavsm,  J.  F.,  New  Bruunriek 
Uvwoa  ft  Son,  T^  Uonmouth  Bt.,  B 
IfaneUii,  A.  B.,  Oppar  HoatoJair 
Martin,  HcnnaD.  loonia 
Uiln,  Tich  ft  Co.,  PhiUinbnn 
Uila^  Tich  ft  Co..  Nawark 


I.  R.,  Far  Hilli 


Northern  Cooitmotbu  Ck>„  W  B 


gaJ.,UgnniDDat.,l 


N««^_ 
0'ConnaU,M 

O'Qua  ft  MeQuire,  Nawark 
O'Baun,  Hiehaat.  PhiUipatiurf 
O'NuTj.  J..  EliuOwtb 
O'RaillyContractint  Co.,  lanry  Cltr 
OUw,  R.  v.,  31  libwty  St.,  New  Bnuu..^. 
Oabome  ft  Manilla  Co..  Vpati  llontdair 
Fhillipiburg  Supply  Co.,  Philliiuburs 
Fotta,  J,  J.,  EUubatb 
RamJiay.  OiiTH  W..  hrth  Ambor 


CONTBACTOBS  BIDIIINO  ON  HIOHVAT  WOBK 


Salowia  Bra*.,  HaekMUtiiwii 


--- COriOurPWUi 

firidniioct  ConatnutiaD  Co.,  Pnnchkaniii* 
Bmoka  A  JnUui.  Pomn  Blttc-.  RooliMUr 


Balniiin  Bm..  Natoou  Bnwklyi]  AloBtnr  Aiphalt  Co^  Bn 

Bilott,  Connd,  N't*  Bninnflok  BrotHh.  Jr.,  F.  A.,  TtiMitl*  Bldf. 

auDPiiHi.  Sunual,  Ebubatli  t« 

Suxb-KKn*  Co.,  HcniMomi  Bntaoh,  L.  B.,  SoebtUet 

Soott  ContnqUns  Co..  H.  H..  Cnuibot?  Brown  A  Lo<ra  Co.,  Ill  Forts  An., 

B«Ilioo,  Jn.,  Cbonb  St.,  Soutb  Onnv  nwitailr 

ShuJar  Co.,  J.  P..  Konrk  Brown,  E.  H.,  HaoiHtMd 

Sharp.  Chaa.  A.,  Hadiaui  Brown,  Thomu  C,  Bohanaotad]' 


„ BuokW  Coortmation  Co..  Plattabofs 

Bproul  ODS>tnutian  Co.,  H.  B.,  ngatSsU  BuOalo  Stnictiinl  Staal  Co.,  Buffalo 

aUkuariUh,  A.  J..  BloomBdd  Bunbda  *  WMbiscton,  Hontioallo 

Standaid  BituUthio  Co.,  Newark  Buooe  *  Co.,  H.  £,  Ul  Folton  St.,  Olau 

BotloD  i  Coiaon  Co.,  0«n  CiCr  Bunhill.  John  R,  BynODK 

Talfar.  PaUr,  Boonton  Bnrnrd  Co.,  H&uy  F.,ITa  LattbropBt- Ba^ 

Tan  Bnaat-Hona  Eddy  Co.,  Baronna  lalo 

tJtiUt*  Conatraotloii  Co.,  Naw  Bmnnriok  Burbuo  A  Soaa,  Albajiy 

Van  Eamm  ContnoUnc  Co.,  Prior  Bt,  Jai-  Burks.  Jia.  F.,  Plalnfidd 

aar^tf  Bumham  ACo.,  W.  A.,  QlanaFalla 
ViaMiiuit.  T.,  EliiabBth  Bnnu  Co.,  W.  J.,  Ut  Baatabia  Bide,  Br  a- 
Ward,  Aaron,  Camdan  coaa 
Wshrla,  Jr.,  John,  Baokanaaok 
-               .       _      _ .  ^^^ 

t.  Bof- 

a  Co.,  Ws-tartord 
kmtraotini  Co.,  Het- 

wWd.Bailar  &£ 
BldC:j  Roidualar 


t  Donaldion,  HI  Fowan 
in  Co.,  The.  Albany 


HT 


ic  il^owbii-,-, 

Arnold  AShMrw,  BoxW.  Albany 

Aaphalt  CoDitructioD  Co.,  Hadiaoa  At*,  and 

lS7th  St.,  Naw  York 
Atlanta  Conatruotiu  Co.,  Atlanta 
Baird  Conliaetuic  Co.,  U.,  New  York 
Baksr,  E.  Bnwn,  Hsridma 
Bakar,  E.  D.,  27  BiDome  St.,  Knghamton 
Baoabriok,  John,  Oaaport 
Banhar.  Atbart  U^  afaTartTUIa 
Bardol,  F.  V,  E.,  BuOalo 
Barker,  Albert  U.,  Johnrtovn 
Barker  *  Vanwy,  Batavia 
--'■-'■--    "-laValky 


«nt,  Frad  W„  Newport 


BanaoD  A  Co..  8.  T.,  Fahoner 
Biakin,aamiul,  Beatnum  St^  nahldQ  todca 
Kaon  City  Bntfoaatini  *  Ooctmotint  Co., 

Buffalo 
Muff  Pmnt  Stona  Co..  Flattabmi 
Bohl  4  Ooe^  Albany 


Boon,  aamoal,  Byraetua  Conway,  Jaoai,  Plattaburs 

BonNllh    Aaphalt    Co.,     ISOI    Hatnvolitan       Cooper,  H.  B^  S3S  State  St..  Albany 
Atb.,  Bnoklyn  Cooper  Co..  R.  D.  Sia  Halo  St.7uttl 


lUlocc,  S«a«»illa  , , 

1,  Frank,  P.  O.  Bids..  Bcar«iala  Corbin  Co.,  loo.,  H.  S.,  30  Choreh  St.,  Naw 

Bradley  *  HoQraevey,  Eltoin  York 

Brady^taiah  Conatrvstuui  Co.,  N«*  York  Corila  CooatniaUon  Co..  Laundiy  FL,  Tiojr 

aty  Couohv  A  Darlinc,  Dolnnlla 

Branoaodo  A  Co.,  Ine.,  3U  E,  Utb  St.,  New  Couchlln  A  Lawman,  Ni,  Elmlra 

York  County  Conitruotlon  Co.,  Troy 


Brkyar  Broa.,  1  Smith  Blook,  Auburn  Cowbif,  W.  J.,  Albiwy 

n ^ , .;„  Q,_  ]((|  L^jj  g(^  gj.       Qg^    ContiMtini    Co.,    ..     -., 

Cramar,  Peter,  lU  E.  53nd  St.,  New  York 


Braew  Cooetnution  Co.,  in  Lake  St.,  El-       Cn    Cootraotinf    Co.,    P.    T.,    Uuihattaa 
-"-  Cramar,  Peter,  lU  E.  53nd  St.,  New  "    ' 

J.,  Oenava  City 

..,  Herkimer  Cramond  Conatraetlaii  Corp.,  Albany 
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Crampton  Bros.,  Great  Neck 

Crane,  Charles  W.,  17  Battery  PI..  New  York 

Crim  A  Gray,  JordanyiUe 

Culker  Co.,  J.  A.,  Obwbco 

Cuoiio,  Jas.  L.,  Yonkers 

Dale  Engineerinc  Co.,  Utica 

Daly  db'Merritt,  Portehester 

Daniels  Co.,  O..  Woolworth  Bide..  New  York 

Defiance  Corpn..  Tioonderoga 

DeGraff  ft  Hogeboom,  130  Fair  St.,  Kinoston 

Delaware  Construction  Co.,  Sidney 

Delmar  Contracting  Co.,  Troy 

Dickison,  G.  B.,  Syracuse 

Dickinson  A  Mongano,  Silver  Creek 

Di  Menna  A  Del  Balso,  New  York  City 

Dimenna.  J.,  2435  Southern  Blvd.,  New  York 

Doherty,  C.  J.,  New  York  City 

Dolan,  John  F.,  50  Church  St.,  New  York 

Dollard,  M.  F.,  Rensselaer 

Dollard,  M.  P.,  Albany 

Dollard  A  Heeran,  US  Van  Wert  St.,  Albany 

Donovan,  J.  £.,  2205  Richmond  Terrace, 
New  York 

Donovan,  John  P.,  Saugerties 

Dorpian  City  Construction  Co.,  313  Con- 
gress St.,  Schenectady 

Dower,  John  B.,  Ballston  Spa 

Doyle  ft  Co.,  E.  J.,  83  State  St.,  Albany 

Doyle,  John,  Albany 

Diigan  Co.,  Inc.,  John  P.,  Amsterdam 

Dugan  Co.,  John  P..  Gloversville 

Dunbar  Construction  Co.,  440  N.  68th  St., 
New  York  City 

Dunkirk  Construction  Co.,  114  Eagle  St., 
Dunkirk 

Eagle  Paving  Co.,  Syracuse 

Eastchester  Contracting  Co.,  Tuckahoe 

Eastern  Asphalt  Co.,  Mt.  Vernon 

Eastover  Construction  Co.,  Inc.,  Utica 

Edgeoomb  Bros.,  Bingham  ton 

Edgeoomb.  WoodrufT,  Eastbranch 

Eggleston,  E.  T.,  Yonkers 

Elbech,  E.  L.,  White  Plains 

Elmere  ft  Hamilton  Construction  Co.,  Mc- 
Donald Bldg.,  Schenectady 

Erie  Construction  Co.,  D.  S.,  Morgan  Bldg., 
Buffalo 

Falk  ft  Menzien,  6  S.  Division  St.,  BufFalo 

FallkiU  Construction  Co.,  Poughkeepsie 

Falls  Bros,  ft  Fletcher,  338  State  St..  Roohw- 
ter 

Fearl,  H.  W.,  Potsdam 

Federal  Asphalt  Corpn.,  New  York  City 

FeltonL_Wm.  F.,  Buffalo 

Field,  Wm.  T.,  Watertown 

Fitsgerald,  Thoe.,  Fredonla 

Fitsgerald,  W.  J.,  547  W.  45th  St..  New  York 

Fitxwater  ft  Terry,  Waterville 

Flood  ft  Van  Wirt,  Hudson  Falls 

Flynn,  Alfred  H.,  Albany 

Flynn,  John  W.,  Waterford 

FootO't  Frank  J.,  Nunda 

Foote.  Frank  M.,  Arcade 

Fort  Schuyler  Construction  Co.,  Utica 

Fort  Schuyler  Construction  Co.,  Oneida 

Fowler  Construction  Co..  F.  G.,  Mt.  Kisco 

Fox,  W.  G.,  Saratoga  Springs 

Fox,  W.  J.,  Oramel 

Franklin  Contracting  Co.,  62  Vanderbilt 
Ave.,  New  York 

Fredella,  Jos.,  Glens  Falls 

Friedman,  L.  H.,  31  Union  Sq.,  Manhattan 

Friedrich  Co.,  J.,  Rochester 

Frost,  Willis  L..  Watkins 

Fulton  Engineering  Co.  Inc.,  Albany 

Fulton  Engineering  Co.  Inc.,  Walton 


Ga£Fey,  Albert,  200  Jamaica  Ave.,  Syracuse 

Gaffney  ft  Sons,  B.,  Saratoga 

Galgano  Co.,  New  Rochelle 

Gallagher,  Frank  J.,  4g0ParicPlaoe,  BrooUyii 

Gallagher  Co.,  John  F.,  Kingston 

Gallo,  Frank,  Herkimer 

Garfano,  James,  S.  Third  Ave.,  Mt.  Vernon 

German  Rock  Asphalt,  Buffalo 

Gibbons  ft  Co.,  Geo.  B.,  New  York 

Gifford  Construction  Co.,  Jamaica 

Gill  Co.,  T.  H.,  Binghamton 

GiU,  Thos.  H.,  PineValley 

Gipp  Co.,   Louis  H.,  04  Clarsmont  Ave., 

Buffalo 
Gleason  Co.,  M.  J.,  Syracuse 
Gordon,  John  H.,  Albany 
Gradwohl  Engineering  ft  Contiaoting  Co.. 

101  Park  Ave..  Manhattan 
Grady  ft  Co.,  Thos.,  Butler  Bids.,  Roohestar 
Grauer,  A.,  120  Broadway,  New  York 
Greece  Construction  Co..  718  Chamber  of 

Commerce  Bldg.,  Rochester 
Green  ft  Miller,  Schenectady 
Greenfield  Construction  Co.,  86  Main  St., 

Homell 
Grimm  Construction  Co.,  460  Harold  Ave., 

Brooklyn 
Guinan  Contracting  Co.,  J.  J.,  777  Fulton 

St.,  New  York  City 
Gullotte,  Frank,  Schenectady 
Gurnett,  John  W.,  Watkins 
Hng^w^ai  GOjj  F.  L.,  Rochester 
Hagaman  ft  White,  16  SUte  St.,  Rochester 
Hsgaman,  Miller  ft  Hsgaman,  688  Clinton 

Ave.,  Rochester 
Haicht,  A.  B.,  Oxford 

Hailes.  Jr^  Theodore  C,  86  State  St.,  Albany 
Hallinan  Bros..  Little  Falls 
Hallock  ft  Angle,  Newfourgh 
Hamilton,  F.  W.,  238  Spencer  St.,  Rochester 
Hammond-Tracey   Construction  Co.,    Inc., 

Middleport 
Haneboldt  ft  Washington.  MonticeDo 
Haney,  Charles  £.,  (^unillus 
Harlem  Contracting  Co.,  New  York  City 
Harper  ft  Higginson,  Inc.,  Newburgh 
Harper,  Jova  ft  Eehos,  62  Second  St.,  New- 

buq{h 
EUirradine  Bros.,  Spenoerport 
Harrison  Engineenng  ft  Construction  Co., 

Buffalo 
Harrison,  H.  B.,  Buffalo 
Hartney,  Edw.,  Modena 
Hasard.  Wm..  Trumansbuig 
Hastings  Pavement  Co.,  25  Broad  St.,  Man- 
hattan 
Heisler,  Jos..  Schenectady 
Heling  Bros..  Lindenhurst 
Hendriokson-McCabe  Construction  Co.,  The, 

Sjrractise 
Henson,  Robert  W.,  Pullney  St.,  Geneva 
Herlihy  Construction  Co.,    16  Bridge  St., 

Glens  Falls 
HiU  ft  Co.,  W.  F.,  Fulton 
Hillson  Bros..  Klttderhook 
Hinds,  Wm.  F.,  De  Ruyter 
Hodge  ft  Co.,  C.  D.,  Watertown 
Holl^,  J.  M.,  Albany 
Hookway,  C.  T.,  Syracuse 
Hopkins,  Richard,  824  Second  Ave.,  Troy 
Hotchkins,  H.  A.,  Jamestown 
Hucknall  Construction  Co.,  Albion 
Hughes  ft  Co.,  J.  A.,  Jamestown 
Hull,  Seneca  P.,  Cortland 
Hurley  ft  Lyne.  86  Temple  St.,  Fredonia 
Huston,  T.  L.,  New  Yoric  City 


C0NTBACT0B8  BIDDING  ON  HIGHWAY  WORK 


HydB.  John  R.,  Ronw,  R.  P.  D.  No.  1. 

lukmun,  Bdw..  WhiU  Flaina 
'    '   --  Bros.,  CuddsbMkvillB 

. vn  Construetioa  Co.,  JunntowD 

[ohaaaii  CanBtruetion  Co.,  Jobs.  Bu(T>1o 
[ohnnn  t  Co..  John  E.,  BaBm[o 
[ohnaon  Sana,  JoM 
"      BrifbtoD 


A.,N«wbQnh 


Santrowitt,  Morria.  Albany 

BJUT,  ThoB.  H„  714  Fulton  St.,  Troy 

Ksaaevilli!  Rd.  Co.,  Inc..  Kewinlla 

Kelly,  Loo.  E.,  Brooklyn 

Eelton,  R.  A.,  Albany 

EaDnedy.  P.  J.,  Dtica 

Eenitsdy  Coutrnction  Co..  £34  BroadmiT, 

Albaur 
Esrwin  Coiutmotion  Co..  27  Howard  St.. 

Albany 
"■' y.  Wm.  R..  Albany 

R.  W.,  HOOBTS 


LBooBi.  ^..aruaje  \j^  lonawaoa 
I«ndal.  John  W..  Tooawanda 
I^nc  A  Horton,  BshuylBTiDe 
Tjnian  Conatmetlon  Cotpn.,  Albany 
lACorla  *  Hall,  MschanunDe 
LMr,Wm.J..Hi!rkim8r 
I«wnsoB  CMUtmclba  Co.,  Albany 
LawloiL  W.  L..  aieiu  FkIIb 
LBOpold  4  "       '  .     "- 


Buffalo 
itchell.Wil 
ondo  CoDBl 


Uott.  Daniel  L..  Utica 

Uoynaban  Co.,  J.  D.,  Uobawk 

UuldeiTyBros.,  Albaay 

Mullen,  Henry  J.,  2gg  Fulton  St.,  JanuJca 

Uumm,  Fred  J..  I7lt  B«Bt  St    Buffalo 

Humm  CoHtnKtinc  Co.,  L.  J.,  BuSilo 

Uuiphy,  Harry,  Albany 

Morphy,  John  A.  A  BTThos.,  CoblwkiU 

llunay  ConitniDtioD  Co.,  Martin,  Uth  and 

Fultoo  8lB.,  Troy 
Murray,  Patrick  U..  CnUec  Bld(„  Rochat*i 
Murr«y,  ThoB.  P.,  Lb  Roy 
Nash  h  OriiEn,  Norwich 
Neboa  A  Co.,  John  H.,  Herkimer 
Newman,  Henry,  31S  Hontacu*  St.,  Brook- 

Nffwport  Construction  Co.,  Newport 
NiifuH   Conitruetion   Co.,   Sti  Richmond 

Ave.,  Buffalo 
Norclons.  Frank,  Ut.  Venon 
O'Brien,  Michael.  Cortland 
O'Brien,  ThoB.,  WatBrtown 


Lmold  A  Co. 

Hanhaftan 


Co.,  Ins.,  J.,  Wool 


I^na.  John  J.,  Binihs 
HaOabB  ConatruoUon 


Co.,  Wni.   P.,   White 


HeCar^  *  Walt.  Mt.  Mon„ 
HaComb,  Charlea  O..  Syraeuae 
HoCoDTille.  A.  J.,  Ofdoniburi 
UoDonald  Conatiuetion  Co.,  Wm.  P.,  Al- 

HoDoBald  Conitruotion  Co.,   Wm.  P.,  Mt. 

HdEroy,  Obo.  H.,  C»k  Locka 
MoOreevay.  HcOuino  A  Baom,  Elmira 
UoOuit*  k  Pahy,  Homsll 
HoLoiwhlin  ftBorohiU,  m  Baitabla  Bldf., 

HcHahon  i  F^rrincton.  Waterloo 
UflMabon  1  Farrinitoa,  Binihamton 
UoMabon  A  Fell.  lAl  develuid  Art..  Niav 


FortooynB    8t., 
Soheneotady 


Rock-OriOin  Co.,  Wintbiup 
Rock-Gri6!n  Co.,  Uaaaena 

Rockwood,  A.  J.,  407  Cutler  Bide.  Rochaal 

Roeh  A  Griffin  Co.,  Watertown 

Roaenthal  En^oBBrinc  i  Contraotins  O 


y  s  caunaenvo..  ii 

'.,  New  Tvk       Runo,  Parkes,  119  S.  Warr 

Ryan  A  Yde.  Brewitan 
Morriatown  Bt.  L«wr«DDe  OwBtrtietlon  Co.,  Inc..  Albany 

fBW  York  City       Bt.  Ra^  CoDslniatiaa  Co.,  AlhKOT 

8aDt«naiu  CoostruMion  Co.,  Neweomb 


AUKBICAN  mOpVAT  ABSOCUTIOR' 


SuUwuLJuiua  v.,  II  QMcsia  St..  BuSalo 
Sohkupp.  B.  A.,  Ooildariuid 
Sduiadw,  P.,  lUl  WwtihHtK  An..  Haw 
Yerk 

-  -MiitM.  C.  T.,  B 


_toBicif.,  1 

BslmlU.  J.  B„  FndooU 

BohulU,  Pkul,  AJbur 

SabUDnamoak  Conatntetion  Co.,  Hl|h] 

llilli 
Snhuylcr  CoiutruatioQ  Co.,  Bart.  Ctlo* 


■ak>- 

SpnyMD  Durrll  Coii*lniBtian  Co..  tn  W. 

lUth  et^  Naw  York  City 
SMbMI «  Ckk,  J.  F.,BilDalo 
*       ■     ■  "W  Co..  XBnadnj^nt  York 


DBdvhm  A  Si.-.  _. 

lIniOD  Panni  Co.,  1 , 

Coitad  CoDttnietioD  Co.,  AlbMV 

Upper  HndaoD  Sloiit  Co.,  M  Oortluid  B 

MuIiMUb 
UnUa  Aaphalt  PftTinc  Co.. 

HulutUin 
VwidOTbilt,   C,  H  E.   Elinbath  St., 

Naw  BiiihtoB 
V*B  Horn.  Fnnk  D.,  Now  York  Otr 


Waldon  ft  UbkI.  F 

Walkar.  H.  W„  JunntowD 
WiJkgr,  Joaaph.  U  Slata  St..  AlbaoT 
WkUao*.  Bar  C„  HarUmar 
Walah,  Edmml.  OJ  F»nT  St.,  Tk» 
Wtlfb,  Jaa.  E.,  Hsohuienilla 
Ward  ft  Tally.  Ina.,  BruUts 
Hard,  Omn,  Joh»towii 
WiTiiar.Qulalui  A^itult  Co^  BrnHnna 
Wtiaair  OoDMnmioD  Co.,  Tha,  Wmi 
Wabatw.  W.  B..  Bnflab 


1..  (Suanoa,  Ok    ... 

Walla,  Bouhton  ft  Co.,  'Afir 

Walla.  K.  bT  Saranoah 

Wbitfl  ft  Collicao,  Punhaaa 

WUtmora.    Ranbar  ft   ndnnaa,  m  Beath 

An,,  ttoobaatar 
Wldaman,  Jobn  H..  Syraeiria 
Wllkea-CWwr    GiuiiHeiliic    ft    CoolnetiB 

Co..  Now  RooSalla 
Winar,  A.  L..  Ki«haintoa 


Wilvm.  Bunb  ft  Panival,  Kaomon 


Wood  ft  TompUn*.  Hilton 
Wriiht,  Rollin  E..  Cortland 
Yoiiii«,  Andna  D.,  Ul  Potnaa  An.. 

Younx,  N.  B.,  Binshaniton 
YouDC  Nathan  £..  Cooka  Falli 
Ziioniar,  Jr.,  Tboa.,  J.,  Poutbkaapaa 


Stan  CoDtnotiu  Co..  Fradau^,  tM  W.  47lh 


0  Churoh  St.,  Naw 


Diauo,  HHoaM,  HamraoBDK 
Btsnto,  Frank,  Bincbamlon 
Btapbana.  O.  C..  Albanr 
Steuben  Conitnution  Co.,  1 
Stawait  ft  Co..  JamM.  " 

York  Cit7 
Sullivan  Conatruotion  Co 
Styiiu,  Edwin.  Tbereaa 
SuffooE  Conitruotion  Co., 
SulliTan,  John  D.,  Keiag^ 
Swarta.  Wm.  J..  Newark 
Swaanay  ft  Boland,  Rocbtetat 
Taylor  ft  Ouatshoudt.  Olaan 
Thayar.  W.  T,.  CbaUaiwiy 
Tonikina,C»l™i,  1?  Battwy  PL, 
Tnalay,  Wm.  F„  IS  E,  imh  Bt..  new 
Tnv  ft  Uaok,  DS  N.  Union  St.,  Olaan 
Train,  Jamea  V.,  Ut.  Venxn 


in,  Jamea  V.,  Ut.  Vemon 

mtily  ft  GMtrt,  M  N.  Waahinfton  Bt., 


Tryon^.  W.,  Pirfand 
Tvne-WUley  Co.,  Binchamtoa 
Ulrloh  ft  Par^no,  ^ooklyn 


jr«rtt  OflMa 


Bnlbranaro,  O.,  Ambron 

BniTowi,  H.  B.,  Croaby 

Orand  PotTa  Conont*  Oa.,  Oraad  Ferki 

Bmith,  C.  D.,  Hinot 


a,  J.  W.,  Yao^inaTilla 


CONTBAXrrOBS  BIDDmO  ON  HI6BWAT  W(mK 

AllMk,  L.  Ih,  Lttnu  Diorioi  B.,  Toan^town 

ADdnwi  Awhalt  PbtIdc  Co..  Hunlltoo  Dana  A  L*ti(*Dilai<«r,  Tolmlo 

Arthur  ft  Vnt,  jMikaoa  Dobartv.  Jr.,  J.,  Cindimati 

BaknOaiMtniBtioD  Co.,  Qoury  Bd.,  CMnm-  DooHttlg  A  Omrlaai,  Ktot 


»  Compur.  lUI  lUomludnc  BUc,       Eddr,  B.  F.  &  W.  A.,  TrimbU 
'nluxl  Edi^ncMa.  C,  Ai]ini|*— 


EdsmcMa.  C,  AiliiiktoD 

Blyiia  CoutruBtini  Co..  EItH* 

Eamn'  A  Bona,  E,,  KuMTrilk 

Enok.  Henrr,  Ot  VI.  IhrkM  St.,  UiB» 

Enm  Bra*.,  Habbud 

Eraiw.  ,Tboma(,  UlS  ICohw;  At*.,  dnda- 

F*U*  Conatniotloii  Co.,  IM  Anurioui  Tnat 


ndcral  Aaphtlt  P*Tiiii  Co.,  HKniltoB 

nucmld,  T.  P.,  Aihubul* 

toltiy,  D.  P.,  Lurar  aod  Flrk  An„    ' 


BuCWr,  J.  W„  Cineliuutl 

Byrni*,  Jo*.  A.,  IIW  PMmont  St.,  dndn- 

Ckpital  Constrootion  Co.,  Golunba* 

Ckny  A  HcElioT  ,Ad* 

Ottvr.  1.  W.,  Ada 

OMh,  R.  E.,  «M  Unoolii  Inn  Court,  CHu- 

Central  Comtnutiao  Co.,  nvmont 

CMtnl  BtaU*  Courtniotion  Co.,  Columbn* 

Champion  Bride*  Co.,  The.  WilminttOD 

Oder  A  KomJJuietta 

CSliiBn*  Bowl  PraerTinc  Co.,  Cindiuuti 

dark,  U.  F.,  Yonnnlown 

OanUnd  FaTinc  i  ComtruotioD  Co.,  1119 
CIdMDa  Bldi..  Ctevelaod 

Cbrdand-Trlmdad  Fanoi  Co.,  430  lake- 
rid*  Ave,,  N.  B.,  Ogv^aod 

CHitord  *  ahaanafait.  Martina  Fnr 

Conkiaky,  Jan**,  STO  C1u*t«r  At*.,  Yonn^- 

Compbar,  V.  O.,  Ollmor* 

Connelly  A  Son,  M.  P.,  Vouncrtown 

Coon  A  Savac*.  Smuiton 

Coil,  H.,  Canton 

Crawford  ft  LittI*.  ElyrU 

Cnaanft  Cq^  Bamler 

Cntbaialon.  H.  E^CStiima  BIdr,  Clevaluid 

Cntnr  ft  Co.,  H.  W.,  Eaton 

CoTtEa  ft  Tiuanen,  aiaonTiH* 

Dalto'  Broa.  CoDatruMJon  Co.,  BoUrar 

DaWdaon.  J.  It.,  Aknm 

Day  ft  Co.,  J.  U.  P**bla* 

Dwton  ConatnMtion  Co.,  Dayton 

D*«t»,  P.  H„  Hillanbun 

Dd^k  ft  Oabrial,  A.  P:, 

D*  Jata.  Jweaa,  Niln 

Dall  ft  Becafina,  YounptowB 

DtmpaaiFjJ,,  Norwood 

Dhuht,  WilUam,  Bern 

DaanU,  C.  E.,  TtfBo 

D*Tiaa  ft  Co.,  J.  C  AIHWM* 


LomHlion,  bkrid.  IMO)  Paiknto  A 

CbnUnd 
Lnuford.  Baiil.  Padro 


tteCtrty  A  Btu-ki,  ]C<iii« 
UeCormaok  A  Bon.  John.  Eria 
HaDwmitt «  Ruuuti,  mi« 
UoDonlL  J.  ff..  Ottam 
UeHucbBna^  tSlt  Yale  An..  Cleyatand 
UitUfrah.  Duford  A  Ok>T*r,  Caldwall 
McKim.  T.  J.,  HaiiMU 
llcfihatray  A  San,  E.,  Akron 
lUhl  Bra^  N.  Sth  St.,  Iivnton 
Haboney  Coatractinc  Co..  YoiuixatowD 
Kaaolnc.  H.,  N«w  Wegtoo 
Hanaon  Co^  Clerslaiid 
Uanta,  H,  Frank,  Ifariatto 
Uaninar  ft  Bona,  Athani 
Uartt,  W.  B.,  OallipoUt 
Uailmanx  A  Roa.  Pomsny 


Naipbot.  B.  J.,  rayiik 

Oatlar  ft  Eoilcn.  CottkDd 
O'Briant  ft  OiCB,  tCairnilla 
OdaO.  AHnd,  Fort  Baacnwr 
Ohio  ConoMo  Sopplr  Cd^  Aodi 
C%io  EniiaaanBa  Ct„  Lonia 
Ohio  Marbia  Col,  Pi^ 
OboD  CtMHtnutkie  Co.,  ViMor,  ' 
Onkat  ft  Son.  D.  A,  Dartia 
CSoIliiva,  H.  F.,  Tohdo 
Pace  Bna.  Co.,  lAkamod 
PbIdmLS.  A.,IUTi«(U 
Pandutl,  E^  Akno 
Paidall  ft  Bim,  a  W..  CO  FW  Bt. 
Fattnon,  B.  F.,  UM  NW  At^ 
PutOD  ft  Faoat,  Lowill 
Faxton,  J.  D..  8alam 
PajiiM  riiilinirilni  Oo.,  Akraa 
Parne.  W.  F..  Snnncflald 
pHinoD  ft  WdaE,  Fncncot 
PManft  Baiid,  ffadnnnh 
FM«  l&na.  ft  Co.,  ToMo 
Phillipa.  D.  A..  A^ibnd 
IHckcnoc  Itfwia,  BdWonUloa 
PiaHhler.  P..  MU  Oarmrd  At*..  C 
Public  Comtniotioii  Oo^  Elriia 
Pn^  A.  Q.,  Unios  National  B 

OdumbiK 
Patnam.  SoU  Van  Wr* 
QujiJaT  ft  M»akfr,  T( 


RadsbMliIi,  E.  C  Locan 
Radabaufh.  J.  L.,  UontKHZHrr 
Roolieldarftr  Braa-^Citelinilla 
Ranoiok.  Tlaimaa,  Williamaport 
RialtT  Btoi..  Ateada  Bid*.,  Cln^asd 
Rinahart  Broa.,  Eavt  LiTwpool 
Hiticmld  ft  Bon.  W.  H.,  ChiUioatlw 


Ruabel  CoaatniotioB  Co.,  John,  CSnoiatisti 

Runk  ft  Ruok.  (Snannati 

RuMelWuuiaion  Co..  Huron  St.,  Tolado 

Rran.  C.  W..  Haim» 

I^as,  E..  Sprini£ald 

Scott.  C.  W.,  Hiibboro 

Saipla  ft  Wolfa.  Younfatown 

Snitor,  B.  S.,  Caoloa 

SohiOiQi  Conatroetian  Co.,  Yonnotown 

Bamlsr,  J,.  Findjay 


Bknla,  John,  Canton 

Smith  Cotutruecion  Co.,  Yotmotovn 

Smith.  O.  L..  L«paio 

Stuufln,  J.  H^Coiurabua 

Solomon  Co..  H.  L..  Lima 

Soader  ft  Fetw,  Foatoria 

Boualey  ft  BotbiDB,  Ada 

Spuwar  ft  Gnnan.  Eranaport 

Bpensv,  J.  K,  Onapnia 

Sprinnr  ft  R(«mNaw  FfaiUdalpUa 

Bproiu.  Oaona  ft  Mniphy.  J-  H..  Bocioi 

Sprout,  O.  W.,  Burtoon 

8taab.C..  RhkUdc 

StolU,  Cbri*.,  BaUaroa 


COHTRACTOBS  BISDIMa  ON  mOHWAT  WOSK  ISS 

Stfurtr,  A.  L..  libart]' Caotsr  Hansoka    Bus.    Co,    LnmbirmaB'*   Bldi., 

SttriehvCo,  H.  P.,  Toliido  PoRlwid 

StreJImik  Bm..  Middlalown  Bildabum,  H.  J..  Ro«buic 

Stnmui  A  Burka,  fi  Publia  m-.  Ctanlud  Hinadsl*  A  J«*«tt,  BoMbuit 

Bmnk  A  Hotntin,  N«w  LBiincton  Huber,  Oiku,  PortlBnd 

Swiuk  CooMraeboii  Co.,  J.  A.,  ZuxnilU  lOiiw,  L.  F.,  im  North  WtM  Bank  BMc, 

Tamtui  A  Emun,  Ennnioit  Portlud 

Twrla  CooatTaetioQ  Co.,  IT  E.  Ith  St.,  Qd-  LoncaKm  A  Co.,  Coquilla 

dnuti  Lan^tnun  A  Co^  W.  A.,  UanlifiaUI 

Tbonai  Craxtnutiaa  Co.,  Samdiukit  Uillcr  A  Baoat,  Putland 

Thnrbir  A  Bnwniu  Co..  The.  Ull  SpriDf  Hontacue-O'RalUy  Co.,  UsHiiiDTilla 

Orora  Ave.,  (SiKODtieti  Onfon  Hanom  PaviDc  Co.,  Portlaad 

T^BMil.  J.  J„  Ads  OnapB    in  ^Mndant    Pannf    Co.,    Salnoa 
TOppaar  A  Patteraon,  Colambn*  ^t.,  PottUnd 

Tnnibuil  Bros..  Caoton  Parham,  E.  Q.,  UanhfiaU 

TuTDCT  CoBBtraotioD  Co.,  Yonncatovn  Portar  A  Coolni,  Portland 

Dk,  W.  B^Ravvnia  Stoadard  Amanoao  DndciDf  Co.,  Aatoria 

Uiban  A  Clamant*.  KaMinon  StanWet-Clarkion  Co..  PottUnd 

Van  Camp  Bna.,  Nawtonrilk  Wairan  Conatruetion  Co.,  Portland 

Vonlabun,  Tbso,,  LoodoD  Waakljt,  E.  E.,  Boaabnra 

Waltber.  A.  J.,  Wapakonata  WaaUm  Panne  Co.,  Aatoia 
Watnar,  KaBnedr,  Uedina 
Waras-UBKaehiiia  Co..  Tolado 
Warna,  Bam.  Fort  RMoraiy 
WaiTJek.  J.  P.,  Cadia 
Wattan,  C.  B..  63  E.  Enhann  Bt.,  Abon 


WdUnc  A  Oram.  Hh  and  I 

Waattiak.  J.  A.,  Holota 
Wialaod,  O.  P.,  HtTaUMd 
miHHUa.  H.  L..  Kanton 
mliOB  A  Baakhr,  Laoeaatar 
miaon  A  HampaUie,  Cuderille 


miaoa-TanUayCa.,  L 

mndm  CanatoDOtlon  Co.,  Abon 

mtham,  C.  B..  DahlaT 

Warn  i  CoC^.  Bpita>  BId(.,  1 

Toledo 
Wrifht  A  Oiwri,  Kut 
Iftteht,  W.  v..  7  '-•"- 
ZaUvAD 


_&.  Co^,  B.. 
V  A  Baardon,  F 
wA8n)>d«rn( 


_.. .y 


CoaatBridn 

Coahcau  A  Bona.  T.  H^^Portland 
rddaahan  A  Jaokain,  munook 
OvnM.  J.  H,  ElaDUth  SUla 


026 


AMBBIGAN  HIGHWAT  A880GIATIOK 


Edwards.  L.  F.,  Qntnsbiirf 

Elder,  Joon  L.,  Ebensburg 

EnoLp  Inc.,   O.   W.,  First  National  Buik 

Bids. .  Harrisburs 
Evans,  W.  C,  Ambler 
Field.  Barker  A  Underwood.  Philadelphia 
Fiss  A  Chiistiano  Shamokin 
Flinn,  Wm..  1456  N.  Hichland  Arenue.  Pitt»> 

bunh 
Foley,  T.  J.,  BrownsTiOa 
Francis,  J.  ID.,  Punzsutawney 
Galloway,  John  L.,  Norwood 
Gamble  Co.,  Ramqel,  Cametie 
General  Supply  A  Construction  Co.,  York 
Gillespie  A  son,  Oakview 
Giomi.  v.  D.,  Fayette  City 
Grothe,  William  U.,  York 
Haigh,  Arthur  H.,  Post  Oflioe  Bldg.,  Gsr- 

mantown 
Hamilton,  C.  F.,  Franklin 
Harris,  G.  B.,  MeadviUe 
Hartley,  John  W.,  York 
Herriok  Construetion  Co.,   Bennett  Bldc^t 

Wilkee-Barre 
Hileman  A  Co.,  L.  H.,  New  Kensincton 
Hobelits  A  Priee,  Me^erBdale 
Hoover,  John  T.,  Umontown 
Hunter  A  Co..  R.  D.,  Beaver 
Hutohisen,  J.  M..  Box  No.  360,  Altoona 
Jones  A  Co.,  L.  O.,  Duquesne 
Juniata    Co.,  The,    Empire    Bldg.,    Phil»- 

ddphia 
Keller,  D.  E.,  Somenet 
Kelley,  James  £.,  Darby 
Keystone  Construction  Co.,  MeadviBe 
Love  A  Son,  Elmer  M^  Cnrir 
MoCool  Construetion  Co.,  Philadelphia 
McClellan,  William,  Strafford 
McCormiok  A  Son,  John,  Erie 
MoCready  Bros.  CO;,  Pittsburgh 
MoGuire  A  Co.,  J.  O.,  New  Brii^ton 
Melntyre  A  Sons,  Wm.,  Sharon 
MoMuIlen,  H.,  Bankaville 
MoNwney  Construetion  Co.,  Canton 
IfoPherson  Bros.,  Edgeworth 
MoQuison,  R.  C,  Sharon 
Mack  Construction  Co,  10th  and  Sedgley 

Ave.,  Philadelphia 
Malloy,  M.  J..  Sucar  Notch 

Mmng^n  ^  Pugh,  FOttSVlUe 

Manwaring  A  Cummings,  Philadelphia 

Mayer  Bros.  Construction  Co.,  Erie 

Meekes,  F.  P.,  Long  Pbnd 

MeU,  L.  v.,  Erie 

Miller  Construction  Co.,  The,  Lock  Haven 

Monongahela  Construction  Co.,  Inc.,  Pitts- 
burgh 

Monroe  Paving  Co.,  Bets  Bldg.,  Philadel- 
phia 

Morrison,  W.  S.,  3S0  Twelfth  Avenue,  New 
Brighton 

Neff,  Horn  A  Co.,  Slatington 

Nelson,  Metydith  Co.,  Chambersburg 

Nolan  Bros.,  Reading 

O'Brien  Biosm  Avoca 

O'Connell  A  Son,  D.  E.,  Avondale 

O'Connell,  D.  E.,  Kennett  Square 

Offutt,  James  H.,  Greensburg 

O'Herron  Co.,  M.,  Wilkinsburg 

Ott  A  Co..  Matthew,  414  Warren  Ave.,  Htta- 
btirgh 

Parson  Construction  Od.,  Brownsville 

Philadelphia  Paving  Co.,  1846  Aroh  St.,  Phil- 
adelphia 

Pittsbuish  Amiesite  Co.,  31(hll  Jenkins 
Aroside,  Pittsburgh 


Rae.  Walter  B^  Oliver  Kdg.,  Pittsbngh 

Reee,  C,  317  E.  Noble  St.,  Nantiooke 

Regan  A  Ljmch,  Bute  Rd..  Uniontown 

Ridge  Bros.  Co..  Pittsburgh 

Ring  A  Co.,  P.  N.,  Mahanoy  City 

Ross  &  Watson,  Oakmont 

Scanlon,  M.  J.,  New  Castle 

Shand,  Jr.,  A  C,  ComsMreial  Trust  Bldg., 

Philadelphia 
Sheehan.  J.  £k.  Bradford 
Simpson,  W.  Cm  Punxsutawney 
Snyder  A  Co..  Paul  J^,  Philadelphia 
Souder  Construction  Co.,  Inc.,  Lancaster 
South  Shore  Construction  Co.,  Erie 
Snicker  Bros.,  Harrisbuxg 
Steel,  Bruce,  HoUidaysburg 
Stem,  Jacob,  8troudsburg_ 
Stewart,  J.  F.,  66th  and  Walnut  Sti.,  Philft- 

ddphia 
Sweeney,  John  B.,  Mc^esport 
Taylor,  Albert,  Colfingdale 
Taylor,  R.  B.,  Bellefonte 
Torquato  Bros.,  Windber 
Trausr,  J.  B.,  Reading 
Union  Paving  Co.,  Philadelphia 
Van,  Edwin  H.,  Bets  Bldg..  Philadelphia 
Walter,  Chas.  P.,  449  State  St.,  HarxisbuK 
Weaver  Construction  Co.,  1300  Gordon  St., 

Allantown 
Welland  Co.,  J.  E.,  Pittsburgh 
Wickersham,  B.  F.,  Kennett  Square 
Wiesner,  Jos.,  St.  Marys 
Wilt,  Wm.  W..  170  13th  St.,  Fnnklin 
York  General  Supply  A  Constmotion  Co., 

York 

Rkod0l»Umi 

Bristow,  John,  Namganaeit  Pfsr 

Callan,  L.  H.,  Tiverton 

Callan,  L.  H.,  Bristol 

CuUinan  Co.,  Thos.  F.,  48  Custom  House  St., 

Providence 
Dube,  E.  J.,  Wsrren 
McCormick.  Jos.,  E.  Providence 
McDonald  A  Son,  Robert,  Cumberiand 
Narragan«ett  Improvement  Co.,  123  Publie 

St.,  Providence 
Narragansett  Improvement  Co..  OlnayviUe 
Price.  AUied,  P.  0.  Box  No.  663,  Wakefield 

8<mtk  Carolina 

Horton  A  Co.jAnderson 
Lawrence,  J.  iX.  Columbia 
UfCndy  Co..  W.  S.,  Charleston 
Steele,  J.  R.,  Bennettsville 
Simons  Mayrant  Co.,  Charleston 

SmOh  Dakota 

Atkinson  Paving  Co.,  C.  H.,  Watertown 
Gage  A  Co.,  L.  £.,  Su>uz  FUls 
Siembaok.  Q.  A.,  Yankton 
Smith,  Dan,  Mitchell 


Ball  A  Pstera,  Memphis 

Beard  Construction  Co.,  Morristown 

Bennett  A  Midoney  Construction  Co.,  Chat- 


Campbell  A  Son,  John  E.,  Humboldt 
Caieon  A  Co.,  Bjioxville 
Connw  A  Co.,  J.  J..  KnozvUls 
De  Francesehi  A  Co..  A.,  761  Monroe  Ava.. 
Memphis 
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B3j  CoMtrnotton  Co.,  ChMt«noac>  HoHUlui,  F,.  Suk  Ibieim 

FrMmiB-ttobbiu  Co.,  Kooxrille  Hontconury-Pvkiiu  A  Co.,  Smi  AutODio 

Gibaon  Conatrmtion  Co.,  EooxviU«  Uoor  Cong&uotloD  Co.,  L»,  El  Puo 

OuU  Prnviu  Co^  Cluttuooa  Moore  *  Soni.  J.  B..  LufkiD 

B»my  AOj.,  F.  D.,  U«mpU«  OWo,  M.  C,  HoualoD 

HUlunl,  T.  L.,  JukBQ  Psamn  A  Co.,  U.  L.,  BoiutoD 

Hood,  Cbiide,  Knoivillg 
Honrd  A  Co..   Q.  B..  IM  Fourth  An., 

Nortb.Nt>b*lU« 
IfaloD^TFnd,  KnoxrillB 
Hum  CoottniotioD  Co.,  Smsrilla 
ICnnphii  Anihalt  A  PftTinc  Co.,  Hemphia 
UnnMpal  Pftvinc  Co.,  NwbTille 
Uniiv  Conatrnstion  Co^  KnoiviUa 
NoU  CoDatnuUon  Co.,  Cbattamoai 

O'CoDDorABro.,  John  J..KiiozTiUe  Co 

OlivM^Hilt  Conatniation  Co.,  KnacTilla 
PouDoey  PftriD^  Co.,  Uamphu 
Rila^mru  Cr     "■--" 


Tbompaod,  Oraham  Co..  Bidldcn  Bnhuic*, 
NiahnUa 

Wartn«*-FairfiaM  Tumptke  Co.,  Wartnoa 


WUHarnt,  B^fi,  UolCmnTilb 


Amua,  M.  v.,  OBD  Anlomo  uiiarvaon,  d.  0-,  Salt  Loka  City 

Baiar  Conatruetion  Co.,  Skk  Antosio  Uallaa.  J.  W.,  Bait  I*ka  City 

Bromr.  O.  O.,  HouatOD  Hotsa,  P.  .1^  Bait  Laka  City 

Buma.  P.  Q.,  Houaton  Nalaon,  O..  Locui 
Callahao  CoMtraotion  0>.,  ff.  E.,  11D7  Boash       O'Ndl  Conetruction  Co.,  J.  P.,  Otdan 

Bld(.,  DaUaa  Panolt  Brea..  Salt  lAka  (Sty 

Chambtn  Co.,  A.  K.,  Honitoo  Kybni  Bma.,  Earna  BIdr.  Salt  Uika  City 

Cobb  A  Onfsr^,  Bouatan       _  _               Si^*  ^.^"J?''^  ^^  Hl^  ^*~ 


la.  Co.,  U7.Uaon.B[dt.,       WhaafwriiM  ConatruolioD  Co.,  Opiwi 

Coak,  RlahanlaciD  A  AninitoD,  Cantar  VtrmmU 

Couoli  A  HoIUnc,  Houaton  „ ip  if    n  ^  _, 

Oullom,  Hi^rbaSaa  "««*  ^-  '-  BniBiwtMi 

Dawaon,  A.  BT.,  Sbsphanl  F™™ 

DaoMD.  N.  A.,  Newton  Virtttaa 

Dawaon,  N.  A.,  Smi  Antonio 

E«da  A  HoMahon.  Loekhart 

Back  lake  QniT«l  Co.,  Houaton 

Gl  Puo  BituUlhie  Co.,  Et  Paao 

Eureka  ConaUnotioB  Co.,  Pwt  Arthur 

Eiinka  PaTiu  Co.,  EouabiD 

field  A  Co.,  Jolian  C,  101  field  Bldf.,  Deni- 

Ftntey  Hetbod  Co.,  San  Antonio 

Finley  Hetbod  Co.,  Houaton 

Float,  J.  H.,  &II  Antonio 

Genant  CotiatnHtion  Co.,  Fort  Worth 

Good  Ro»la  QinMnietian  Co.,  GalviatoD 

Orec«y^  Newman  B.,  Box  IZS,  Teuikaoa 

Qrooe,  Trani  C.  San  Antonio 

Haddan  A  BaMa.  Galnaton 

Hadea,  W.  H.,  Oalvaaton 

Hamer.  J.  T.,  Bulla 

Heaa  A  SkiniH.  Dallaa 

HoSman  A  Co.,  J.  W.,  Doniaon  i 

Howard,  E.,  Tfaorndale 

Iriek  A  Panlok,  Olton 

Levy,  Leater,  Houaton 

LotMC,  T.  F„  San  Juan 

"-CWland,  V.,Silab« 

1.  K.,  Forth  Worth 
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Ptfkiii8on«  J.  L«t  Pottnbinc 

PhilliM'  Soot,  A.  L.,  Riebmond 

RowDiet  A.  B.,  Potomoo 

TucglA.  J.  Cm  Blond 

Vftushan  Coiutruotion  Co^  Roanoke 

Walton  Constniotion  Co.,  Ffella  MiUa 

Weinbnmn,  C.  M.,  Riebmond 

Williama,  O.  L.,  215  South  St.,  Portsmouth 

^nston  ft  Co.,  Richmond 

Wolford,  Phippa  &  Hibulin,  Coobum 

WaakingUm 

Alben  A  Son,  G«o.  J.,  Chahalia 

Allred  ft  James,  Centralia 

Arp  ft  MoElroy,  Edmonds 

Ball,  N.  W^  Seattle 

Bandaret,  O.  A.,  BeUevoo 

Barbo  Bros.,  BeUingham 

Baumcaztner,  A.  J.,  711  16th  St.,  Seattle 

Baxter  ft  Co.,  E.  C.  Maple  Falls 

Bernard,  E.  E.,  Richland 

BrscE  ft  Co.,  Bert.  Colfax 

Brown,  O.  8.,  Prosper 

Burnett  Construction  Co.,  Seattle 

Carleon  ft  Chindahl  Co.«  Spokane 

Cascade  Constructaon  Co.,  North  Yakima 

Cascade  Construction  Co.,  Central  Bldg , 
Seattle 

Clifton,  Applecate  ft  Co.,  Spokane 

Coluodo  ft  Niblett,  1643  Lane  St.,  Seattle 

Coulter,  K.  L.,  Seaview 

De  Camp,  R.  B.,  1503  Maxwell  St..  Spokane 

Dunn  ft  Co.,  P.  O.,  Seattle 

Erickson,  Anderson  ft  Hicks,  Taooma 

FMrguson  Construction  Co.,  White  Bldc>t 
Seattle 

Fiorito  ft  Bros.,  M.,  Seattle 

General  Construction  Co.,  Spokane 

Goerig.  L.  H..  8611  £.  Terrace  St.,  Seattle 

Graff  ft  Sheldon,  1414  Taooma  Ave.,  Taooma 

Graves,  G  L.  728  Old  Nebmska  Bldg.,  Spo- 
kane 

Grays  Harbor  Construction  Co.,  Hoquiam 

Green,  H.  C,  Spokane 

Hall.  D.  G.,  ft  Voulter,  Daniel,  South  Bend 

Hanson  ft  Vatne.  105  N.  84th  St.,  Seattle 

Harkness  ft  Co.,  P.  D.,  Tonasket 

Hastings,  J.  W.,  Spokane 

Hendricks  ft  Ward,  Chehalie 

Heskett,  Frank  H.,  Concrete 

Holt  ft  Jeffery,  Transportation  Bldg.,  Seattle 

Hoover,  W.  J.,  Everett 

Independent  Paving  Co.,  Seattle 

Jaoobe-Frank  Taylor,  New  Kamilohe 

Jahn  Contracting  Co.,  The,  Seattle 

Johnson,  Nets,  Hoquiam 

Kaiser  Co.,  H.  J.,  Everett 

Kinder,  S.  G.,  Bridseport 

Lanning,  L.  L^  Wafla  Walla 

Lewis,  C.  H.,  Curlew 

McEaohern  ft  Co.,  Seattle 

McHugh,  P.  J.,  3d  Ave.  N.  and  Mercer  St., 
Seattle 

Mohr  Construction  Co.,  WaterviUe 

Moran  Bros.,  Belli nghfun 

Mulligan  Co.,  W.  G.,  301  EsgleBldg.,  Spokane 

Northwestern  Paving  Co.,  £.  529  Erming 
Ave.,  Spokane 

O'Dell,  Mark,  707  Security  Bldg.,  Seattle 

Patton  ft  Smith,  Proeeer 

Payne,  CM..  Spokane 

Peterson,  Torgar,  EatonviUe 

Pioken,  R.  L.,  Tonasket 

Quigg  Construction  Co.,  Wenatchee 

Keinseth  Bros.,  Everett 


Ristved  ft  Bracg.  Colfax 

Root,  H.  C.  Spokane 

Sawyer  Bros.,  Spokane 

SchaUer.  Clem,  Okanogan 

Schold  ft  Co.,  A.  E.,  Port  Orchard 

Silverton  ft  Williams,  2823  8.  J.  St.,  Taooma 

Skagit  Construction  Co.,  Mt.  Vernon 

Skxan  Bros.,  Seattle 

Smith,  J.  L.,  143  21st  St.,  Seattle 

Smith,  J.  T.,  Proeser 

Smith,  W.  J.,  RitaviUe 

Spargor  Concrete  Co.,  Colman  Bldg.,  Seattle 

Spokane  Asphalt  ft  Macadsm  Paring   Co., 

Spokane 
Standard  Asphalt  Paving  Co.,  Spokane 
Stevenson,  R.  G.,  1327  Ewing  St.,  Seattle 
Stickler,  G.  L.,  Colfsx 
Stickler,  Q.  L.,  Davenport 
Traphagan.  D.  H.,  Alaska  Bldg.,  Seattle 
Tribo  ft  Grebling.  Walla  WaUa 
Volucdo  ft  Niblett.  1042  Ume  St.,  Seattle 
Ward  ft  Temploton,  Everett 
Washington  Paving  Co.,  Seattle 
Western  PavingCo.,  Empire  Bldg.,  Seattle 
Wilson,  H.  L.7WaI]a  Walls 
Zindorf,  M.  P.,  Seattle 

Weat  Vvginia 

Adkins,  M.  L.,  Branchland 

Allen,  Wayne,  F,  Clarksburg 

Bakw,  R.  F.,  Bluefield 

Ball  Engineering  Co.,  Wheeling 

Balengee,  S.  C,  Taloott 

Brown  ft  Floyd,  Charleston 

Brubaker  Construction  Co.,  Huntington 

Cass  ft  Meyers,  Wheeling 

Central  Engineering  Co.,  Charleston 

Diddler,  G.  W..  PhUippi 

Dougher,  W.  E.,  Soncevwte 

Duval,  Frank.  West  Huntington 

Freshwater  ft  Sons,  E.  A.,  Chester 

Fuocy,  J.,  Weston 

Gillespie,  L.  J.,  Huntington 

Harrison  ft  Dean.  Huntington 

Hatfield  Construction  Co.,  Huntington 

Henkle,  Geo..  Huntington 

Henning  ft  Hagerdorn,  FineviUe 

Hornor  Brae.,  314  W.  Main  St.,  Clarksburg 

Hottell  Construction  Co.,  Pulaski 

Hudson  Paving  ft  Construction  Co.,  Charlea- 

ton 
Hudson,  R.  M..  Charleston 
Keeley  Bros.,  Pineville 
Kennedy  ft  son,  C,  Parkersburg 
MoCormick  Ensineering  Co.,  Morgantown 
McFadden,  R.  J.,  Cameron 
McGrath,  J.  K,  Mt.  Hope 
OUom,  J.,  Huntington 
Scanlon,  T.  8.,  Huntington 
Stupe  ft  Thompson.  Huntington 
Sisler  ft  Morse.  West  Union 
Smith,  Harry  F..  Piedmont 
Stender  Construction  Co.,  Huntington 
Trainor,  Amos,  Huntington 
Virgie,  W.  B..  Clarksburg 
Ward.  Miller  ft  McCoy.  Wheeling 
Weaver  ft  Glover,  Charleston 
Williamson  ft  Co.,  Grafton 
Winston  ft  Co.,  Pineville 

Wiaeonain 

Badger  Construction  Co.,  1015  Railway  Ex- 

ciiange,  Milwaukee 
Birdsall-Qriffith  Construction  Co.,  Racine 
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Bnm  A  CoDiion,  Juwrill*  H.  A  0.  CoDstnutioa  Oi>.,  lUdlioa 

C4P*  A  Sod  Oi>.,  Jwdh,  Runa  M>V*'  ConMniotiob  Co.,  MilmukH 

Cut  Stone  Connrustlaa  Co.,  Eaa  CUln  Uoaovini  A  Co.,  Vm.  T.,  minukea 

CMuhlln  A  Co.,  F.  P.,  E.   Shuon  Bt.,  lUl-       Murphy  Conitniolion  Co.,  Ifuiltomo 

CVNbII,  John  B,  SOT  FmlM  Bldi.,  Uilmii- 

Psppud  A  1 
UdiMi       FWknAN 


StkoOald,.  O.  H.,  Fond  da  L« 

BwBuwr  firoa.,  HAodabari 

Welher,  John,  S7S  Fnukfio  PbM,  IChnokM 

Watiah,  W.  J..  lAimutn 


TTcnoro  Asipromiant  i.>o.,  tuoi 
Whita  CoDMruBtun  Co.,  B4ilini 

Bidl..  UilmukM 
ffileoxTJuDH.  Foibon 
Wileatta  A  Co.,  B.  J.,  Foxbon 
Woolv,  T.  S.,  La  CnuM 


APPENDIX 

LEGISLATION  DURING  JANUARY-NiARGH,  1917 

Arizona 

InBtead  of  an  annual  appropriation  of  $250,000  a  tax  of  10  cents  on  $100 
has  been  adopted.    This  is  divided  into  75  ana  25  per  cent  funds,  as  before . 

Arkansas 

The  legislature  has  created  an  advisory  board  of  the  State  highway 
commission  and  appropriated  $100,000  for  the  commission,  and  $496,134 
for  carrying  on  improvements.  Tne  board  consists  of  the  engineer  and 
consulting  engineer  of  the  State  highway  department  and  a  member 
appointed  by  the  governor  for  a  two-year  term. 

State  roadte  are  dfesignated  as  "public  roads  which  lead  from  one  county 
seat  in  one  county  to  another  county  seat  in  another  county,  or  from  one 
cotmty  seat  in  one  county  to  another  county  seat  in  the  same  county,  or 
from  a  county  seat  along  highways  leading  into  other  States,  or  any  other 
rural  post  roads  within  or  without  an  improvement  district,  excluding 
every  street  or  road  within  the  corporate  limits  of  any  city  of  the  first  or 
second  class." 

The  highway  fund  now  receives  all  of  the  motor  vehicle  license  fees,  less 
2.5  per  cent  tor  collection.  Delinquent  fines  of  $3,  in  addition  to  the 
regular  fees,  are  divided  equally  between  the  State  highway  fund  and  the 
collector. 

An  improvement  on  which  State  or  federal  aid  or  both  is  desired  origi- 
nates with  an  application  for  such  aid  to  the  State  highway  commission 
by  the  coxmty  judge  or  the  commissioners  of  a  legally  orgamzed  road  dis- 
trict. The  State  highway  engineer  prepares  plans,  specifications  and 
estimates  of  the  improvement,  which  are  submitted  with  the  application 
to  the  advisory  board.  The  advisory  board,  if  it  approves  the  api^lica- 
tion,  recommends  to  the  State  highway  commission  tne  amount  of  aid  to 
be  Ranted  and  sends  a  copy  of  tnis  recommendation  to  the  local  official 
making  the  application.  Only  projects  of  a  ''substantial  character" 
may  be  approved,  and  the  formalities  in  the  case  of  federal  aid  must  be 
observed  to  the  satisfaction  of  the  Secretary  of  Agriculture.  When  the 
State  highway  commission  ascertains  that  all  the  steps  to  be  taken  under 
the  State  and  federal  laws  have  been  properly  taken,  the  local  authorities 
are  notified  and  the  State  treasurer  is  notified  of  the  amount  allotted  from 
the  State  highway  fund  for  the  project.  This  amount  must  not  exceed  50 
per  cent  of  the  total  estimated  cost.  The  State  highway  commission  is 
authorized  to  represent  the  local  authorities  in  all  negotiations  relating 
to  the  use  of  federal  aid  funds. 

No  State  or  federal  aid  is  given  for  a  road  until  the  county  court  sets 
aside  the  3-mill  road  tax  collected  within  a  distance  not  exceeding  3  miles 
of  the  road,  or  so  much  of  the  tax  as  may  be  necessary,  for  the  maintenance 
of  the  road  to  the  satisfaction  of  the  State  highway  department  and  the 
federal  government,  or  makes  some  equally  good  provision  for  its  main- 
tenance.   No  State  or  federal  aid  is  given  to  a  road  improvement  district 
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unless  its  commisBioners  leyv  a  sufficient  yearly  tax  to  maintain  properly 
the  roads  constructed  by  tne  district  or  the  county  court  sets  aside  a 
sufficient  amount  for  the  purpose  from  the  3-mill  tax. 

The  department  of  State  lands,  highways  and  improvements  may  pay 
the  proportion  of  the  aid  granted  by  the  State  to  any  road  district  by  labor 
of  State  convicts  when  they  are  not  otherwise  emploved  by  the  peniten- 
tiary authorities.  Convicts  so  worked  are  under  the  care  of  wardens 
named  by  the  penitentiary  authorities,  but  the  number  to  be  worked 
and  the  manner  of  working  them  are  determined  by  the  State  highway 
department. 

lUinois 

At  the  date  of  going  to  press  a  $60,000,000  State  bond  issue  bill  had 
fair  prospects  of  passing  the  legislature;  if  passed  it  will  be  submitted  to 
popular  vote  in  Novem^r,  1918.  About  16,000  miles  of  State-aid  roads 
nave  been  laid  out  and  over  400  miles  have  been  improved,  but  the  work 
has  been  so  scattered  and  disconnected  as  to  be  of  only  local  value  in 
many  cases.  The  purpose  of  the  bond  issue  is  to  build  about  4000  miles 
of  connecting  roads  in  all  counties,  serving  nearly  all  places  of  more  than 
2000  population  and  many  of  the  smaller  Plages. 

Indiana 

A  State  highway  commission  of  four  members  has  been  created.  The 
members  are  appointed  by  the  sovemor  and  serve  four-year  terms,  except 
three  of  the  first  four  appointed,  who  will  serve  one,  two  and  three  years 
respectively.  The  commissioners  are  to  receive  $600  a  year  each^  and 
select  a  State  highway  engineer  and  fix  his  salary.  He  selects  his  as- 
sistants. The  commission  must  hold  at  least  one  meeting  each  month 
and  its  total  overhead  expenses  must  not  exceed  $50,000  a  year. 

The  commission  is  to  designate  certain  roads  as  main  market  high- 
ways, their  combined  length  not  to  exceed  2,000  miles  by  1920.  The  con- 
tracts for  the  improvement  of  these  roads  are  let  by  the  county  commis- 
sioners of  the  counties  in  which  the  roads  lie,  subject  to  the  approval  of  the 
State  highway  engineer.  If  the  engineer  disapproves  a  proposed  con- 
tract, the  county  commissioners  may  appeal  from  nis  decision  to  the  State 
highway  commission.  If  the  commission  sustains  the  engineer  it  may  di- 
rect the  county  commissioners  to  advertise  for  new  bids,  or  it  may.  if  de- 
sired, advertise  for  bids  and  let  the  contract  itself.  The  plans  for  the 
construction  and  maintenance  of  main  market  roads  will  be  prepared  by 
the  State  highway  engineer  and  must  be  submitted  to  the  county  com- 
missioners, and  tne  plans  must  be  drawn  so  the  county  commissioners 
can  make  a  choice  between  at  least  two  road  materials. 

Other  roads  than  the  main  market  highways  may  be  constructed  under 
the  direction  of  the  State  highway  engineer  on  the  petition  of  50  freeholders 
of  any  county,  filed  with  the  county  commissioners.  The  entire  cost  of 
these  roads  is  borne  by  the  counties  in  which  they  are  situated. 

The  funds  for  the  work  under  the  State  highway  commission  comprise 
$100,000  for  1917  and  $500,000  for  1918  from  the  general  State  fund,  about 
$400,000  collected  annually  under  the  inheritance  tax  law,  the  federal  aid 
allotments  ranging  from  $407,2^  durins  the  year  ending  June  30,  1917,  to 
five  times  that  sum  at  the  end  of  the  nfth  year,  and  at  least  50  per  cent 
of  the  cost  of  each  improvement  from  the  county  in  which  it  is  made. 

Kanaas 

A  State  highway  commission  has  been  created,  consisting  of  the  i^ov- 
ernor  and  two  members  appointed  by  him.    Tne  commission  appoints 
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A  chief  eDjsiiieer  and  secretary.  The  oommiBnon  has  sapenrision  over  the 
constniotion  and  maintenance  of  all  roads  except  township  roada  not 
receivinj^  federal  aid.  It  is  authorised  to  devise  a  uniform  sjrstem  of  road 
accounting  which  all  local  road  authorities  must  employ.  Competent 
engineers  approved  by  the  commission  must  be  appointed  by  the  coun- 
ties, at  salanes  fixed  m  the  law.  The  county  engmeers  and  county  com- 
missioners classify  the  roads  as  "county  roads"  and  "township  roads." 
The  map  of  the  couptv  roads  of  a  county  must  be  approved  by  the  State 
highway  engineer  ana  if  a  county  fails  to  submit  one  for  approval  the 
State  highway  engineer  may  designate  the  county  roads.  All  plans  for 
improvements  on  the  county  roads  must  receive  the  approval  of  the 
State  highway  engineer;  work  under  them  is  conducted  oy  the  county. 
A  county  road  tax  of  0.25  to  1.5  mills  must  be  levied,  and  over  1.5  may 
be  leviea  if  the  electors  vote  for  it.  Plans  for  townsnip  roads  are  made 
by  the  county  engineer,  whose  approval  is  required  for  all  expenditures 
exceeding  $200  for  construction  uid  materials  and  $100  for  machinery. 
The  township  road  work  must  be  done  under  a  road  overseer  approved 
by  the  county  engineer,  and  the  latter  determines  the  roads  to  be  cbraased. 
Tlie  tax  for  towwiip  roads  is  restricted  to  3  mills  unless  a  larger  rate  is 
voted  by  the  electors.    Incorporated  cities  do  not  pay  this  tax. 

Miehigan 

At  the  time  of  goins  to  press  there  were  a  number  of  road  bills  under 
discussion  in  the  legislature. 

One  bill  provided  a  method  of  allotting  State  and  federal  money  on  the 
basis  of  the  assessed  valuation  per  mile  of  trunk  roads.  Where  this  valua- 
tion is  $1002000  or  less,  the  local  government  unit  pays  25  per  cent  of  the 
cost  of  an  improvement  and  the  State  and  federal  governments  pay  the 
remainder.  For  valuations  of  $100,000  to  $200,000,  the  local  unit  pays 
30  per  cent;  $200,000  to  $300,000,  35  per  cent:  $300,000  to  $400,000,  40  per 
cent;  $400,000  to  $500,000,  45  per  cent;  above  $500,000,  50  per  cent.  Every 
local  unit  receiving  such  aid  must  raise  annually  for  maintenance  3  per 
cent  of  the  sum  it  contributed  toward  construction. 

A  second  bill  doubles  the  amount  of  the  State  reward  for  cement  con- 
crete, bituminous  concrete  and  brick  roads  and  increases  the  width  of 
roads  meriting  rewards  from  16  to  20  feet.  Local  authorities  are  com- 
pelled to  maintain  State  reward  roads  adequately,  and  the  State  reward 
for  maintenance  is  increased  to  4  per  cent  of  the  total  reward  for  con- 
struction, up  to  a  maximum  of  $75  per  mile. 

A  third  bill  prohibits  the  use  of  any  vehicle  loaded  to  produce  a  gross 
wei^t  exceeding  600  pounds  per  inch  width  of  tire,  and  the  use  of  any 
vehicle  except  farm  implements  and  road  machinery  weighing  loaded 
over  15  tons.  Maximum  wheel  loads  and  speeds  of  motor  vehicles  are 
made  to  depend  on  the  sise  of  the  tire  and  the  diameter  of  the  wheel,  and 
their  maximum  overall  dimensions  are  fixed  at  96  inches  width  and  12  feet 
6  inches  height.  When  the  roads  are  soft  in  March,  April  and  May,  the 
maximum  loads  are  limited  to  one^lialf  of  the  amounts  permissible  at  other 
times. 

A  fourth  bill  appropriates  $1,300,000  for  trunk  line  rewards  and  ex- 
penses for  1018  and  1919. 

MtBsauri 

The  1917  legislature  created  a  State  highway  board  of  four  members 
appointed  by  the  governor  for  four-year  terms,  two  from  each  of  the 
leading  political  Pftii^ies  at  the  last  presidential  election.  They  are  paid 
$1000  annually.  The  board  appoints  a  State  highway  engineer,  who  must 
be  a  graduate  of  an  engineenng  school  with  at  least  five  years  practical 
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experience  in  road  and  bridge  construction.  He  appoints  two  assistants: 
his  salary  is  not  to  exceed  $5,000  and  that  of  his  assistants  not  over  $2,500 
each. 

The  State  highway  engineer  is  to  designate,  subject  to  the  approval 
of  the  board,  at  least  3,500  miles  of  road,  divided  among  the  counties 
in  proi>ortion  to  their  area,  population  ana  road  mileage,  as  State  roads, 
ana  to  increase  this  mileage  when  funds  are  available  at  the  rate  of  at  least 
500  miles  annually.  They  must  have  a  right-of-way  of  at  least  40  feet 
and  must  be  selected  "with  due  regard  to  directness  and  persistence  of 
routes,  low  grades,  economy  in  construction  and  maintenance,  probable 
volume  of  transportation  and  general  adaptation  to  the  needs  of  the 
people  of  the  State  at  large.''  These  routes  are  to  be  surveyed  by  the  State 
nighway  engineer,  but  the  cost  of  the  surveys  must  be  borne  by  the  coun- 
ties or  civil  subdivisions  in  which  the  roads  are  located.  The  State  high- 
way engineer  may  accept  maps  offered  without  charge  by  county  engi- 
neers or  other  persons. 

If  a  county  or  a  subdivision  of  it  desires  to  improve  a  State  road  it 
must  submit  plans^  specifications  and  estimates  of  the  work  to  the  State 
highway  engineer  m  a  form  satisfactory  to  him.  If  he  approves  them, 
he  includes  the  improvement  in  a  project  statement  for  federal  aid  ana 
authorizes  the  loc^  authorities  to  proceed  with  the  construction.  One- 
half  of  the  cost  is  to  be  met  from  the  State  road  fund  and  one-half  by  the 
county  or  its  civil  subdivision.  Project  statements  for  federal  aid  are  to 
be  prepared  with  a  view  to  distributing  fairly  among  the  counties  the 
available  federal  funds. 

The  State  road  fund  comprises  motor  vehicle  license  fees,  corporation 
license  fees,  all  contributions  from  federal  funds  and  all  general  or  special 
State  taxes  and  fees  for  road  purposes.  This  fund  is  used  for  the  ex- 
penses of  the  State  highway  department,  the  construction  of  federal  aid 
roads,  dramn^  inter-county  seat  highways,  and  to  assist  counties,  town- 
ships and  districts.  The  State  and  the  coimties  contribute  equally  to  the 
cost  of  State  roads.  All  roads  constructed  with  aid  from  the  State  road 
fund  must  be  maintained  by  the  counties  in  which  they  are  located  to  the 
satisfaction  of  the  State  highway  engineer;  no  further  state  assistance  will 
be  rendered  in  case  the  maintenance  is  unsatisfactory.  No  State  aid  is 
granted  to  a  county  which  does  not  raise  the  maximum  legal  road  taxes 
or  issue  road  bonds  equalling  3  per  cent  of  its  assessed  valuation. 

All  poles,  pipes,  railways  and  other  structures  on  the  right-of-way 
of  State  roaos  are  under  the  control  of  the  State  highway  engineer  and 
must  be  placed  and  maintained  in  agreement  with  the  regulations  of  the 
State  highway  department. 

The  members  of  the  commission  are  E.  L.  Sanford,  chairman,  G.  O. 
Raine,  George  £.  Mclnnich  and  A.  G.  McKibbin,  secretary. 

Montana 

A  law  has  been  passed  reorganizing  the  State  highway  commission  and 
placing  12  members  on  the  board. 

The  automobile  license  fees  have  been  fixed  at  $5  for  cars  up  to  23 
horse  power,  $10  for  those  between  23  and  50  horse  power,  and  $15  for  those 
exceeding  50  horse  power;  motor  trucks,  $5  for  1-ton,  $15  for  2-ton,  $25 
for  3-ton  and  $40  for  all  over  3-ton;  chauffeurs,  $2;  dealers,  $50;  motor- 
cycle dealers,  $15.  One  half  of  this  money  is  repaid  to  the  coimties  whence 
it  came  and  half  is  placed  to  the  credit  of  the  State  highway  commission. 
It  is  estimated  that  the  fees  will  amount  to  about  $250,000. 

The  members  of  the  commission  are:  Oscar  Rohn.  Butte:  Gharles  Bu- 
ford,  Virginia  Gitv;  Frank  Gonley,  Deer  Lodee;  A.  W.  Morrison,  Ft. 
Benton;  Sam  Webb,  Golumbus;  D.  T.  Gurran,  Aiissoula;  A.  W.  Mahon, 
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Glasgow;  F.  H.  Jobnson,  Kalisgell;  T.  F.  Hagen,  Glendive:  Hugh  Welb, 
Miles  City;  A.  E.  Richardson,  Forsyth;  H.  A.  Templeton,  Great  Falls. 

Nebraska 

The  1917  legislature  appropriated  1200,000  for  State  aid  to  counties  in 
building  bridges  over  175  feet  in  length,  the  counties  to  match  the  State 
funds.  At  the  time  of  going  to  press,  a  bill  appropriating  $640,000  seemed 
likely  to  pass. 

New  Jersey 

A  State  highway  commission  has  been  established,  consistins  of  the 
gOTernor  and  eight  members  appointed  b^  him,  two  of  whom  must  oe  engi- 
neers. They  serve  four  years  and  receive  no  salary,  but  are  paid  their 
expenses.  The  commission  appoints  a  State  highway  ennneer  for  five 
years  at  a  salary  fixed  by  it,  and  also  an  assistant  State  highway  engineer. 
All  other  appointments  are  to  be  made  from  the  civil  service  lists.  The 
conmiission  takes  over  the  work  previously  done  by  the  State  commissioner 
of  public  ro^ds  and  the  State  highway  commission.  In  addition  it  has 
control  of  the  construction  and  maintenance  of  State  highwavs  and  may 
carry  on  work  by  contract  dr  day  labor.  The  State  road  funa  at  the  dis- 
posal of  the  commission  comprises  the  legislative  appropriations,  motor 
vehicle  license  fees,  fines,  federal  aid  money  and  State  road  taxes.  An 
amount  equal  to  the  State  road  tax  must  be  spent  for  the  extension  and 
construction  of  State  highways.  The  remainder  is  available  for  depart- 
ment expenses,  acquiring  toll  roads  and  bridges,  and  aid  to  counties  and 
municipalities  in  constructins  and  maintaining  roads  and  bridses. 

The  commission  is  required  to  lay  out  15  State  highways  along  routes 
indicated  in  the  law.  The  existing  pavements  on  roads  taken  to  form 
parts  of  these  routes  may  be  maintained  by  the  commission  but  all  new 

Eavements  must  be  "granite,  asphalt  or  wood  blocks,  brick,  concrete, 
ituminous  concrete,  sheet  asphalt  or  other  pavement  having  a  hard  sur- 
face and  of  a  durable  character.''  The  width  of  these  pavements  must  be 
18  feet  at  least  and  the  total  width  of  the  roadway  at  least  30  feet.  All 
construction  and  maintenance  of  State  highways  is  under  the  charge  of  the 
State  highway  commission.  No  structures  of  any  sort  are  permitted  on 
the  right-of-way  without  the  consent  of  the  State  highway  commission. 
No  State  highway  may  extend  into  any  municipality,  other  than  a  town- 
ship, having  a  population  exceeding  12,000,  but  the  State  highway  com- 
mission may  contract  with  local  authorities  in  such  exempted  places  to 
maintain  certain  streets  and  roads  in  a  condition  in  keeping  with  the 
State  highways  entering  and  leaving  them.  Local  boards  and  individuals 
may  contribute  funds  toward  the  cost  of  any  State  road  work. 

A  l-mill  tax  on  each  dollar  of  assessed  valuation  of  real  and  personal 
property  must  be  levied  annually  for  five  vears  for  the  State  roaafund. 

Tne  office  of  State  engineer  was  created,  to  advise  with  the  State  high- 
way department,  commissions  having  to  do  with  interstate  tunnels,  harbor 
and  port  commissions,  and  the  governor.  Gen.  Geo.  W.  Goethals  is  State 
engineer  and  Robert  A.  Meeker  is  State  hU^way  engineer. 

John  W.  Herbert.  Anthony  R.  Kuser,  George  W.  F.  Gaunt,  Col.  E.  A. 
Stevens,  W.  G.  Clark,  W.  J.  Busby,  Ira  F.  Kip,  Jr.,  and  George  A.  Blakes- 
lee  have  been  appointed  commissioners. 

New  Mexico 

A  State  hi^hwav  commission  has  been  created,  consisting  of  three 
members  appomtecl  by  the  Governor  for  six-year  terms,  one  every  two 
years.    The  commissioli  appoints  a  State  highway  engineer  and  fixes  his 
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salar3r,  and  may  designate  the  State  engineer  as  the  State  highwav  engi- 
neer, in  which  case  the  salary  of  the  State  engineer  will  be  increased  11000. 
The  employes  of  the  commission  are  appointed  by  the  State  highway  engi- 
neer, who  IS  its  executive  officer.  Under  the  direction  of  the  commission 
he  designates  a  system  of  state  roads  ''which  shall,  as  nearlv  as  practi- 
cable, he  such  as  will  best  serve  the  traffic  needs  and  develop  the  resources 
of  the  State.''  He  is  required  to  determine  the  best  methods  of  road  con- 
struction and  maintenance  for  different  parts  of  the  State  and  may  be 
consulted  by  local  road  officials  ref^arding  nighways  and  bridges.  County 
officials  must  furnish  him  with  information  regarding  their  roads  and 
bridges,  and  are  subject  to  a  fine  of  $10  to  $100  if  they  fail  to  do  so. 

Improvements  on  State  roads  originate  with  an  application  by  the 
county  commissioners  for  such  an  improvement.  If  tne  application  is 
approved  and  county  and  State  funds  are  available  for  the  work,  the 
State  highway  engineer  prepares  the  plans  and  specifications  and  lets  the 
work  by  contract  if  it  costs  over  $1000.  If  the  cost  is  less  than  that 
amount  the  county  may  be  permitted  to  do  the  work.  The  county  must 
furnish  the  right-of-way.  Not  more  than  60  per  cent  of  the  cost  is  paid 
by  the  State.  In  case  the  county  does  not  applv  for  an  improvement 
the  commission  may  carry  it  out  at  the  cost  of  the  State.  Roads  built 
partly  with  State  and  partly  with  county  funds  must  be  maintained  by 
similar  joint  contributions  under  the  direction  of  the  State  highway 
ennneer. 

Funds  are  provided  by  a  1-mill  tax  and  one-half  the  net  motor  vehicle 
license  fees.  At  least  20  per  cent  of  the  total  sum  must  be  spent  on  main- 
tenance, and  enough  of  tne  balance  must  be  reserved  to  equal  the  federal 
aid  funds  granted  to  the  State  and  the  expenses  of  the  department. 
Seventy-five  per  cent  of  the  balance  must  be  spent  in  the  counties  in 
proportion  to  their  assessed  valuation,  excluding  cities  and  towns  with 
over  2000  population.  Taxes  may  be  anticipated  by  issuing  certificates 
bearing  not  over  5  per  cent  interest  and  runmng  not  more  than  2  years. 

Counties  are  credited  with  the  value  of  work  done  on  State  roads  by 
county  convicts,  and  the  value  of  work  by  State  convicts  is  credited  to 
the  State. 

Other  roads  than  State  roads  are  under  the  county  commissioners. 
The  work  is  done  in  each  county  by  a  county  hiehway  superintendent 
emploved  by  the  State  highway  commission,  which  fixes  his  salary,  al- 
though he  is  paid  by  and  works  under  the  general  direction  of  the  county 
commission.  His  accounts  and  records  must  be  kept  in  a  form  prescribed 
by  the  State  highway  engineer  and  by  a  system  prescribed  by  the  State 
highway  commission. 

^  The  State  engineer,  James  A.  French,  has  been  appointed  as  State 
highway  engineer. 

North  Carolina 

The  method  of  carr3dng  on  road  improvements  has  been  materially 
chanted  as  a  result  of  the  enactment  in  March,  1917,  of  what  is  called 
the  'State  wide  county  road  law." 

Upon  receipt  of  a  petition  by  100  freeholders  of  any  county,  its  board 
of  county  commissioners  must  order  an  election  on  issuing  bonds  for 
road  improvements,  provided  the  petition  states  the  mileage  to  be  im- 
proved, the  amount  of  the  bond  issue,  the  State  highwav  commission  has 
informed  the  county  commissioners  that  the  issue  will  be  adequate  to 
carry  out  the  improvements  proposed,  and  the  issue  will  not  raise  the  en- 
tire bonded  debt  of  the  county  above  10  per  cent  of  its  assessed  valuation. 
Upon  receipt  of  a  petition  from  100  freeholders  of  a  county,  its  board  of 
county  commissioners  must  order  an  election  on  levying  a  road  tax,  pro- 
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Tided  the  petition  states  the  mileage  to  be  imi>roved  by  the  tax,  the  length 
of  time  it  IS  to  be  levied,  and  the  amount,  which  must  not  exceed  60  cents 
on  $100  of  assessed  valuation  and  $1.60  poll  tax,  and  provided  the  board 
has  been  informed  b^r  the  State  highway  commission  that  the  proposed 
tax  will  furnish  sufficient  funds  for  the  improvement.  In  case  a  county 
does  not  vote  for  bonds  or  a  special  road  tax,  any  township  in  a  county 
may  act.  Upon  t>etition  of  26  freeholders,  the  county  commissioners 
must  hold  an  election  on  an  issue  of  bonds  or  the  levv  of  a  special  road 
tax  by  the  county  commissioners  for  the  township  unaer  the  same  condi- 
tions governing  a  countv  bond  issue  or  special  tax,  except  that  the  pro- 
visions apply  only  to  the  township.  Where  township  road  bonds  have 
been  issued  the  law  provides  for  retiring  them  by  issuing  county  bonds, 
if  the  voters  elect  to  do  so.  Road  districts  are  given  the  same  opportuni- 
ties as  townships. 

Upon  petition  of  100  freeholders,  the  board  of  county  commissioners 
must  order  an  election  on  the  creation  of  a  county  road  commission  of 
three  members,  one  of  whom  must  be  a  member  of  the  minority  political 
party.  The  term  of  office  of  a  member  of  the  commission  is  six  years. 
In  case  the  petition  for  a  coimty  bond  issue  or  special  tax  does  not  state 
that  the  work  under  the  issue  shall  be  done  by  an  existing  commission,  a 
county  road  commission  must  be  appointed  to  carry  it  out.  The  com- 
mission is  appointed  by  the  board  of  county  road  commissioners,  and 
practically  has  charge  of  all  roads  in  the  county.  If  a  county  road  com- 
mission has  been  app6inted  to  carry  on  the  work  in  a  township  or  road 
district^  this  commission  has  char^  of  the  work  undertaken  later  by  other 
townships  and  districts  by  bond  issues  or  special  road  taxes,  if  the  free- 
holders so  desire.  The  commission  may  employ  an  engineer,  but  this  is 
not  obligatory. 

If  it  is  stated  in  the  petition  for  a  bond  issue  or  special  tax  that  the 
proceeds  shall  be  distributed  in  proportion  to  the  taxes  of  the  different 
townships,  this  will  be  done,  but  otherwise  the  commission  in  charge  of 
the  work  expends  the  money  as  it  considers  for  the  best  interests  of  the 
road  work  of  the  county  as  a  whole. 

Whenever  the  road  conditions  in  a  countv,  township  or  district  are 
such  that  the  available  money  is  insufficient  for  the  completion  of  neces- 
sary work  in  the  judgment  of  the  commission  in  charge  of  it,  this  com- 
mission may  apply  to  the  board  of  county  commissioners  for  emergency 
assistance,  whicn  is  to  be  furnished  by  the  board  out  of  the  general  funds 
of  the  county  or  by  issuing  short-terms  notes  or  bonds  to  an  amount  not 
exceeding  in  any  year  one  per  cent  of  the  taxable  valuation  of  the  county, 
township  or  road  district. 

Whenever  road  bonds  are  issued  or  a  special  road  tax  is  levied,  an  ad- 
ditional special  maintenance  tax  must  be  levied  sufficient  to  raise  1  to 
4  per  cent  of  the  par  value  of  the  bonds  or  of  the  proceeds  of  the  special 
road  tax  to  be  used  in  maintaining  the  roads  built  with  these  funds. 

The  necessary  land  for  right-of-way  may  be  taken  when  needed.  If  the 
owner  and  the  commission  cannot  agree  upon  a  fair  price  for  any  parcel 
so  occupied,  the  commission  is  directed  to  appoint,  after  the  roa!d  has 
been  built,  three  disinterested  freeholders  to  assess  the  damages  and 
benefits  upon  the  property  resulting  from  the  construction  of  the  road. 
If  the  benefits  exceed  the  damages  the  excess  amount  is  assessed  on  the 
land.  The  commission  has  the  right  to  obtain  timber  and  road  materials 
on  any  land  in  the  county,  to  extend  the  road  drainage  system  upon 
abutting  property,  to  cut  down  trees  for  a  distance  of  30  feet  on  each  side 
of  the  road  if  necessary  for  its  maintenance,  and  to  acquire  a  right-of- 
way  of  not  less  than  40  feet  for  all  roads. 

Where  a  road  traverses  two  counties  but  follows  approximately  the 
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boundary  line  between  the  two,  either  county  which  desires  to  improve  the 
road  may  do  so,  even  that  part  in  the  adjoining  county.  Wnen  com- 
pleted each  county  is  to  maintain  its  portion.  A  county  is  also  authorised 
to  build  a  section  of  road  in  an  adjoining  county  when  it  is  necessary  to 
connect  its  roads  with  those  of  the  adjoinine  county. 

When  convicts  are  sentenced  to  road  wonc  the  expense  of  maintaining 
and  guarding  them  is  paid  out  of  the  general  funds  of  the  coimty,  while 
the  road  commission  piatys  for  their  quarters  and  has  supervision  of  their 
care,  food  and  clothing.  Permission  is  ^ven  to  work  trustworthy  con- 
victs without  guards  or  distinctive  clothing,  and  to  commute  their  sen- 
tences from  25  to  50  per  cent  for  satisfactory  work  and  good  behavior. 

In  counties  where  able-bodied  men  must  work  a  certain  number  of 
days  on  the  roads,  this  labor  can  be  commuted  at  the  rate  of  75  cents  per 
day.  The  men  can  be  called  upon  to  work  for  a  period  of  three  consecu- 
tive days  at  any  time  in  the  year  imtil  their  full  period  of  service  has 
been  exhausted.  Anyone  subject  to  such  work  who  fails  to  perform  it 
or  commute  the  service  i^  guilty  of  a  misdemeanor  punishable  upon  con- 
viction by  a  fine  of  $5  to  $25  or  imprisonment  for  5  to  10  days. 

Road  districts  can  be  created  by  majority  vote  of  the  free-holders  of  the 
proposed  districts  or  by  the  county  road  commission  on  petition  of  the 
owners  of  60  per  cent  of  the  property  in  the  districts.  The  districts  cre- 
ated in  the  latter  manner  are  ciuled  special  road  districts  and  consist  of 
the  land  running  back  half  a  mile  from  each  side  of  the  road  to  be  im- 
proved. The  rate  of  assessment  in  a  special  road  district  is  based  on  the 
distance  of  the  land  from  the  road;  the  district  bears  two-thirds  of  the 
cost  and  the  county  one-third. 

The  net  proceeds  of  the  automobile  license  fees  are  paid  into  a  separate 
highway  maintenance  fund  spent  by  the  State  highway  commission  for 
the  maintenance  of  the  State  system  of  highways.  Seven-tenths  of  the 
money  must  be  spent  within  a  vear  of  the  time  it  is  collected  in  the  coun- 
ties from  which  the  fees  were  derived. 

Only  railway  companies  are  permitted  to  erect  on  or  near  a  highway  a 
sign  containing  words  imitating  railway  signs.  Guide  posts  must  be 
placed  at  intersections  and  forks  by  the  commission  in  charge  of  the 
roads  at  such  places. 

North  Dakota 

A  State  highway  commission  has  been  created  in  North  Dakota,  con- 
sisting of  the  governor,  State  engineer,  commissioner  of  agriculture  and 
labor,  and  two  members  to  be  appointed  by  the  governor.  The  State 
enpneer  is  the  chief  en^neer  and  secretary  of  the  commission  and  is 
paid  $1000  a  year  in  addition  to  his  salary  as  State  engineer. 

The  State  engineer  is  required  to  prepare  a  map  of  the  hishways  of  the 
State  and  a  map  of  those  main  highways  which  in  the  judgment  of  the 
several  boards  of  county  commissioners  and  the  highway  commission  are 
of  sufficient  importance  to  be  designated  as  State  roads.  The  system  of 
State  roads  may  be  amended  from  time  to  time  by  the  State  engineer, 
subject  to  the  approval  of  the  State  highway  engineer. 

The  preliminary  work  of  the  commission  will  oe  done  under  an  appro- 
priation for  the  purpose,  forming  the  nucleus  of  a  State  highway  fund. 
The  remainder  of  the  fund  will  be  furnished  by  two-thirds  of  the  net 
proceeds  of  the  automobile  license  fees.  These  fees  are  collected  by 
the  secretary  of  State,  who  pavs  one-third  of  the  net  proceeds  to  the 
coimties  for  use  in  repairing  ana  dragging  roads  solely. 

The  county  commissioners  of  a  county  which  desires  State  aid  in  im- 
proving a  State  road  must  apply  to  the  State  highway  commission  for 
it.    If  the  application  is  approved  the  State  engineer  prepares  the  plans 
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and  specifications  for  the  work  and  if  the  cost  exceeds  $3000  he  adver- 
tises it  and  lets  the  contract.  If  the  cost  is  less  than^$3000  he  may  do 
the  work  by  day  labor  or  let  it  by  contract  or  allow  the  county  to  carry 
it  out.  Half  of  the  cost  is  paid  by  the  State  and  half  by  the  county,  and 
the  law  requires  the  road  thereafter  to  be  maintained  under  the  super- 
vision of  the  State  engineer  at  the  joint  expense  of  the  State  and  county. 

The  License  fees  for  motor  vehicles  are  16  for  those  of  20  horse  power 
or  less  and  50  cents  for  each  additional  horse  power  during  the  first  three 
years  of  its  registration  in  the  State  and  half  these  amounts  for  each 
succeeding  year.    Motorcycle  registration  is  13. 

A  tax  must  be  levied  in  townships  having  graded  roads  sufficient  to 
raise  $5  per  mile  of  road,  to  be  spent  in  dragging  the  roads. 

Ohio 

A  large  number  of  changes  were  made  early  in  1917  in  the  road  laws.. 
A  hi^way  advisory  board  of  four  members,  not  more  than  two  from  any 

golitical  party,  has  been  created  to  pass  upon  the  recommendations  of  the 
tate  highway  commissioner  regarding  matters  of  general  policy,  particu- 
larly those  of  changes  in  main  market  and  inter-county  roads  and  the 
relations  of  the  State  with  the  federal  government. 

The  basis  of  allotting  the  State  highway  improvement  fund  has  been 
changed  to  permit  greater  cooperation  between  the  State  and  the  less 
wealtny  counties;  counties  with  an  assessed  valuation  under  $20,000,000 
now  pay  12  per  cent  of  the  cost  of  an  improvement,  townships  8  per  cent, 
property  owners  5  per  cent  and  the  State  75  per  cent.  Where  the  assessed 
valuation  is  from  $20,000,000  to  $30,000,000  the  State  pays  60  per  cent,  the 
county,  20  per  cent,  the  towndiips  12  per  cent  and  the  property  owners 
8  per  cent.  Elsewhere  the  former  rates  of  50,  25,  15  and  10  per  cent  are 
retained  in  force. 

Townships  now  have  authority  to  improve  roads  under  practically 
the  same  conditions  as  counties,  and  the  laws  relating  to  county  road 
building  have  been  simplified  and  enlarged  in  some  details.  Township 
trustees  are  authorised  to  issue  bonds  for  road  purposes  without  a  popu- 
lar vote.  Township  trustees  may  form  road  districts  without  including 
municipalities  lying  within  their  boundaries  where  the  tax  rate  is  too 
high  to  permit  an  additional  levy.  The  road  work  in  these  districts  is 
conducted  as  in  the  townships.  The  dragging  of  unimproved  roads  is 
compulsory  and  the  first  appropriation  from  township  funds  must  be  for 
such  work. 

Appropriations  for  the  year  ending  June  30,  1918,  comprise  $155,060 
for  tne  maintenance  of  the  State  highway  department,  $1,544,000  to  police, 
patrol  and  maintain  highwavs;  $562,000  to  construct,  improve,  maintain 
and  repair  main  market  roads;  $1,546,540  to  construct,  improve,  maintain 
and  repair  inter-coxmty  highwajrs;  total,  $3,808,500. 

Appropriations  for  the  year  ending  June  30,  1919,  comprise  $155,960 
for  tne  maintenance  of  the  State  highway  department,  $2,210,000  to  patrol, 
police  and  maintain  highways;  $562,000  to  construct,  improve,  maintain 
and  repair  main  market  roads;  $1,580,000  to  construct,  improve,  main- 
tain and  repair  inter-county  highways;  total,  $4,507,960. 

Oregim 

Under  a  new  law  a  State  highway  commission  of  three  members  is 
appointed  by  the  governor.  The  governor  has  appointed  S.  Benson, 
Portland;  W.  L.  Thompson,  Pendleton;  and  E.  J.  Adams,  Eugene.  The 
commission  serves  without  pay,  but  the  members  receive  their  expenses. 
The  commission  selects  a  State  highway  engineer  and  will  have  charge 
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of  the  work  done  with  the  proceeds  of  a  $6,000,000  bond  issue,  if  that 
issue  is  approved  at  a  special  election  on  June  4.  The  commission  desig- 
nates the  State  highways,  and  improvements  on  them  must  be  made  from 
theplans  and  under  the  supervision  of  the  State  highway  engineer. 

Tne  State  highway  commission  must  set  aside  first  from  the  hio^way 
funds  of  each  year  a  sum  sufficient  to  meet  the  federal  aid  for  the  State, 
and  if  the  highway  funds  are  inadequate  for  the  purpose  State  bonds 
must  be  issued  for  the  balance  needed. 

Registration  fees  for  automobiles  have  been  fixed  at  $3  for  motor  cvcles, 
16  for  electric  pleasure  vehicles,  $10  for  electric  service  vehicles,  $6  for 
steam  and  gasoline  vehicles  up  to  26  horse  power,  $10  for  vehicles  of  26 
to  36  horse  power,  $15  for  those  of  36  to  40  horse  power  and  $20  for  those 
of  more  than  40  horse  power.  Motor  truck  fees  range  from  $15  for  vehicles 
under  2  tons  to  $30  for  those  of  4  to  5  tons.  No  vehicle  of  over  5  tons 
capacity  can  be  operated  on  a  public  highway  except  on  a  special  permit 
from  the  county  court,  designating  the  routes  of  operation  and  the  term 
of  the  permit.  The  county  court  must  collect  at  least  $8  a  month  for  such 
a  permit  and  in  addition  a  $5  registration  fee  must  be  paid  to  the  State. 
The  net  proceeds  of  these  fees  are  credited  to  the  funds  controlled  by  the 
State  hi^way  conmiission. 

A  tax  of  0.25  mill  must  be  levied  annually,  the  proceeds  to  be  paid 
into  the  State  highway  fund.  After  the  federal  aid  and  administrative 
expenses  are  provided  for,  the  balance  may  be  used  in  co6perative  im* 
provements  and  maintenance  of  the  State  highways,  with  the  counties. 

Philippine  Islands 

Important  changes  in  the  form  of  government  of  the  Philippine  Islands 
were  made  through  the  passage  of  the  Jones  Bill  by  congress  in  August, 
1916.  The  entire  legislative  power  is  now  vested  in  a  bicameral  legislature, 
with  few  exceptions  the  members  of  which  are  elected  b^  popular  vote. 
The  Govemor-Greneral  is  the  executive  and  administrative  head  of  the 
flK)vemment,  and  has  a  qualified  veto  upon  the  acts  of  the  legislature. 
The  secretarv  of  commerce  and  communications  has  general  charge  of 
roads  throughout  the  islands.  Design,  construction  and  maintenance  of 
all  roads  ana  bridges  are  in  the  hands  of  the  bureau  of  public  works,  ex- 
cept for  city  streets  and  a  few  unimportant  harrio  roads  and  trails.  The 
field  work  of  the  bureau  is  distributed  through  43  districts,  each  under  a 
district  engineer.  Four  of  the  district  en^neers  have  supervisory  juris- 
diction over  the  districts  contiguous  to  their  own,  but  all  report  directly 
to  the  director  of  public  worlu  at  Manila.  Thirty-five  per  cent  of  the 
number  are  Filipinos.  There  is  also  a  highway  engineer  in  general  charge 
of  highway  design  and  specifications. 

Progress, — ^At  the  close  of  1916  there  were  approximately  3450  kilometers 
of  first-class  road  in  the  islands,  all  with  heavy  surfacing  and  approved 
cross-section,  gradient  and  alignment ;  3000  kilometers  of  lightly  surfaced  or 
earth  second-class  roads,  and  5650  kilometers  of  ungraded  third-class  roads 
and  trails.  All  of  these  are  under  continuous  maintenance,  the  first-class 
roads  by  the  isolated  caminero  (patrol)  system,  the  others  by  maintenance 
gangs,  the  maintenance  in  each  district  being  in  direct  charge  of  one  or 
more  Filipino  foremen  reporting  to  the  district  engineer. 

Most  of  the  surfacing  is  of  the  waterbound  type,  with  broken  stone, 
river  gravel  and  beach  coral  as  the  principal  materials  employed,  and  this 
type  has  proved  for  the  most  part,  by  moaerate  maintenance  costs,  that  it 
is  well  suited  to  the  traffic  using  the  roads.  There  are  a  few  provinces, 
however,  notably  Leyte  and  Albay,  where  the  development  of  heavy  auto- 
mobile truck  traffic  during  the  last  two  years  has  oeen  ver^r  great  and 
with  diastrous  results  to  the  roads.    Standards  of  oonstruotion  are  be- 
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ing  changed  to  meet  these  conditions,  and  stringent  automobile  legisla- 
tion has  been  enacted  by  the  legislature  for  the  regulation  of  motor  traffic, 
especially  as  to  character  and  width  of  tires  and  as  to  speed,  in  relation 
to  the  loads  carried.  Some  20  kilometers  of  first-class  road  have  been  sur- 
faced with  bituminous  macadam,  and  several  short  stretches  with  Portland 
cement  concrete,  the  latter  not  so  much  on  accoimt  of  heavy  traffic  as  for 
the  purpose  of  protecting  the  road-bed  from  being  scoured  out  by  the 
heavy  floods  that  pass  over  it  during  every  rainy  season. 

In  developing  tne  different  provincial  road  systems  a  great  through 
highway  extending  the  entire  length  of  Luzon  Island,  a  distance  of  1360 
kilometers  (845  miles),  has  never  oeen  lost  sisht  of.  Thb  road  has  been 
financed  largely,  at  least  in  its  interprovincial  sections,  by  insular  funds, 
and  is  now  open  as  a  continuous  road  from  Hondagua,  an  important  Pacific 
port,  througn  Manila  to  Bangui  at  the  north  end  of  the  Island,  a  distance 
of  838  kilometers  (521  miles).  It  is  all  first-class  but  205  kilometers,  of 
which  150  kilometers  are  second-class  and  so  passable  the  year  roimd. 
The  road  now  passes  through  Baguio,  the  principal  health  resort  of  the 
Philippines,  by  a  detour  which  includes  the  fienguet  and  Naguilian 
Roads  with  their  67  kilometers  of  mountain  scenery,  but  a  coast  road  is 
under  construction  to  connect  the  lowland  termini  of  these  two  roads 
and  thus  shorten  the  through  road  by  36  kilometers.  For  the  last  two 
years  the  Benffuet  Road  has  been  maintained  almost  entirely  from  the 
proceeds  of  toll  collections,  and  the  costs  have  been  kept  to  moderate 
proportions  by  sendins  most  of  the  heavy  truck  traffic,  upon  which  the 
City  of  Baguio  has  to  depend  for  supplies  of  all  kinds,  over  the  Naguilian 
Road.  The  latter  had  52,000  pesos  spent  on  it  during  1916,  half  of  which 
went  for  resurfacing  those  sections  which  were  opened  to  traffic  with 
light  surfacing  only,  and  for  the  removal  of  slides. 

Road  funds, — ^No  road  funds  in  the  Philippines  have  so  far  been  raised  by 
bond  issues,  due  principally  to  the  comparatively  low  first  cost  of  the  roacb 
and  to  the  preponderance  of  local  over  insular  value  in  them.  At  present, 
however,  the  advisability  of  building  certain  roads  of  concrete,  brick,  etc.,  to 
meet  the  demands  of  heavy  truck  traffic,  is  being  discussed,  and  also  the 
value  of  the  first-class  road  as  a  development  factor  for  unsettled  areas, 
so  that  bond  issues  in  the  near  future  are  not  improbable. 

Construction  expenditures  for  1916  have  run  fully  as  high  as  those  for 
1915,  0ven  on  page  171,  and  the  maintenance  bill  for  the  year  is  consider- 
ably mgher,  being^  estimated  at  1,700,000  pesos,  for  first-class  roads  only, 
or  528  pesos  per  kilometer  ($425  per  mile). 

The  licensing  of  motor  vehicles  is  in  the  hands  of  the  bureau  of  public 
works,  and  also  the  operation  of  the  Benguet  Auto  Line,  which  operates 
over  the  Benguet  ana  Naguilian  Roads.  The  revenues  from  botn  these 
sources  are  generally  allotted  to  special  maintenance  projects. 

The  highway  officials  at  the  beginning  of  1917  were:  E.  J.  Westerhouse, 
director  of  public  works;  D.  E.  ^nry,  chief  constructing  engineer:  C.  E. 
Gordon,  chief  designing  engineer:  R.  H.  Doane,  consulting  architect; 
A.  D.  Williams,  J.  L.  Harrison,  Claud  Russell,  R.  V.  Glenn,  and  F.  T. 
James,  supervising  engineers;  W.  C.  West,  highway  engineer. 

South  Carolina 

A  State  highway  commission  has  been  created  consisting  of  the  senior 
professors  of  civil  engineering  at  the  University  of  South  Carolina,  Clem- 
son  Agricultural  Cofle^,  and  the  Military  College  of  South  Carolina, 
and  two  members  appointed  for  two  years  oy  the  governor.  They  serve 
without  pay  but  receive  their  expenses.  They  appoint  a  State  highway 
engineer,  who  appoints  not  more  than  two  assistant  engineers.  The  com- 
mission must  cooperate  with  the  local  road  authorities  and  ascertain  the 
best  methods  of  road  construction  and  maintenance  for  the  different  sec- 
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tiona  of  the  State.  The  State  hishway  engineer  must  furnish  advice, 
plans  and  specifications  to  the  local  road  authorities  and,  in  some  cases, 
supervise  construction.  Funds  for  the  commission  are  provided  by  an 
automobile  license  fee  of  25  cents  per  horse  i>ower  and  dealers'  license 
fees  of  €15,  payable  to  the  State  highway  engineer  and  forming  a  State 
highway  fund.  One-fifth  of  this  fund  is  available  for  the  State  highway 
conunission  and  four-fifths  must  be  returned  to  the  counties  where  the 
money  is  collected  and  be  placed  to  the  credit  of  the  counties'  road  funds. 

Applications  for  federal  aid  are  made  by  the  counties  to  the  State 
highway  commission,  which  transmits  those  approved  by  it  to  the  fed- 
eral authorities.  The  law  provides  .that  the  counties  must  Kive  all  the 
guarantees  required  by  the  federal  aid  road  law  before  the  appucations  are 
transmitted  to  the  federal  authorities,  and  that  the  applications  of  the 
counties  may  be  supplemented  bv  projects  prepared  by  the  State  highway 
commission,  if  it  deems  best.  The  commission  is  authorized  to  pledge  the 
good  faith  of  the  State  for  the  pajrment  of  any  balance  needed  to  meet  the 
federal  aid  funds  and  not  furmshed  b>r  the  counties. 

The  chairman  of  the  commission  is  J.  Monroe  Johnson,  of  Marion, 
one  of  the  two  members  appointed  by  the  governor,  the  other  being  C. 
O.  Hearon,  of  Spartanburg.  The  designated  members  are  Prof.  M. 
Goode  Homes,  of  the  University  of  South  Carolina,  Prof.  Haile  Houston, 
of  Clemson  Agricultural  College,  and  Major  R.  G.  Thomas,  of  the  Mili- 
tary College  of  South  Carolina. 

SotUh  Dakota 

A  State  highway  department  consisting  of  the  governor.  State  engineer 
and  a  member  appointed  by  the  governor,  has  been  created.  It  supervises, 
controls  and  directs  the  building  of  public  roads  and  bridges  on  whicn 
State  or  federal  aid  is  spent.  Eight v  per  cent  of  all  State  road  funds  must 
be  spent  in  the  counties  where  collected,  if  the  counties  appl^r  for  such 
distribution,  and  both  State  and  federal  aid  are  to  be  distributed  as 
nearly  as  practicable  on  the  basis  of  the  population,  assessed  valuation 
and  road  mileage  in  each  county.  The  department  designates  roads  of 
general  importance  to  the  State  as  State  highways,  authorises  their  im- 
provement, and  pays  for  the  work  "out  of  any  funds  that  may  be  appro- 
priated for  State  road  building,"  but  the  counties  contribute  a  part  of^the 
cost. 

Homer  M.  Derr  is  State  engineer;  his  Ofiice  is  at  Pierre.  The  commis- 
sion will  not  be  organized  until  July  1,  1917,  at  which  time  the  new  law 
becomes  effective. 

Texas 

The  legislature  has  passed  a  bill  establishing  a  State  highway  commis- 
sion of  five  members.  The  commission  will  select  the  State  highway  engi- 
neer and  fix  his  salary.  He  prepares  plans  and  specifications  for  the  work 
done  by  State  and  ^deral  aid  and  supervises  its  execution.  The  State 
highway  commission  is  authorized  to  make  all  necessary  contracts  with  the 
United  States  Department  of  Agriculture  to  receive  federal  codperation. 

A  State  highway  fund  has  been  established  out  of  50  per  cent  of  the 
net  proceeds  of  the  annual  automobile  license  fee  of  35  cents  per  horse 
power.  The  other  50  per  cent  is  to  be  pa\d  by  the  State  highway  commis- 
sion, which  is  charged  with  collecting  the  fees,  to  the  counties  where  it 
originates. 

The  State  highway  commission  is  to  designate  the  State  highways 
and  to  select  the  roads  to  be  submitted  to  the  United  States  Secretary  of 
Agriculture  for  approval  as  federal  aid  roads.  Any  county  receiving 
State  aid  for  the  improvement  of  the  State  roads  within  its  boundaries 
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must  contribute  either  50  or  75  per  cent  of  their  total  cost,  according  to 
the  assessed  valuation  of  the  county. 

County  commissioners  desiring;  to  issue  bonds  for  highway  improve- 
ments may  call  upon  the  State  highwav  commission  for  advice  concern- 
ing the  feasibilitv  of  doing  the  proposed  work  with  the  money  which  it  is 
anticipated  will  be  derived  from  the  sale  of  the  bonds. 

Utah 

A  State  bond  issue  of  $2^000,000  has  been  authorised,  the  proceeds  to  be 
spent  for  roads  and  bridges  by  the  State  road  commission.  The  motor 
vehicle  license  funds  are  used  in  paying  interest  and  principal.  The  State 
road  commission  consists  of  the  gpvernor,  State  engineer,  attorney  general, 
secretary  of  state,  and  State  auditor. 

Washington 

Under  the  1917  legislation,  the  primary  State  roads  are  maintained 
by  the  counties  under  the  supervision  of  the  State.  In  addition  to  other 
funds,  a  specific  allowance  of  $100  per  mile  annually  is  made  from  State 
revenue  for  the  maintenance  of  primary  highways.  Five  per  cent  of  the 
permanent  highway  fund  is  set  aside  for  maintenance  of  the  roads  improved 
with  a  1.5-miTl  tax,  augmented  by  the  net  proceeds  of  motor  vehicle  li- 
cense fees.  These  fees  are  expected  to  yiela  $500,000  in  1917  and  $750,000 
in  1918. 

The  1917  legislature  appropriated  $1,812,052  for  State  roads  during 
the  two  years  ending  March  31,  1919,  and  reappropriated  $127,249  for  that 
purpose.  It  also  appropriated  $3,942,018  ana  reappropriated  $1,050,180 
for  permanent  highways.  It  is  estimated  that  $6,000,000  of  county  funds 
will  be  spent  on  roads  during  the  two  years.  The  federal  aid  road  law 
will  f  urmsh  $700,000  during  the  fiscal  years  1917  to  1919. 

West  Virginia 

A  State  road  commission  of  two  members,  one  from  each  of  the  two 

Eolitical  parties  casting  the  largest  votes  at  the  last  general  election, 
as  been  created.  They  are  appointed  by  the  governor  and  hold  office 
for  four  years.  One  must  be  a  civil  engineer  with  at  least  three  years 
experience  in  highway  work,  and  the  other  a  man  of  ''known  and  successful 
business  qualifications.''  The  conunission  may  engaee  such  assistants 
as  it  needs,  within  the  limits  of  the  appropriations  for  its  work.  The 
commissioners  receive  $3500  and  expenses. 

All  public  roads  outside  incorporated  cities  and  towns  are  divided  into 
two  classes.  Class  A  includes  main  county  roads  receiving  federal  or  State 
aid,  and  Class  B  comprises  all  other  roads,  designated  as  district  roads. 
The  State  road  commission  supervises  the  improvement  of  Class  A  roads, 
gives  instruction  to  local  road  officials,  is  responsible  for  the  enforce- 
ment of  all  road  laws  and  aids  the  county  officials  in  the  improvement 
and  maintenance  of  roads.  No  materials  can  be  used  in  Class  A  roads 
without  its  approval,  and  it  is  authorised  to  test  materials  for  county 
authorities.  Ail  road  work  and  road  financing  by  county  officials  are 
subject  to  its  inspection. 

The  main  county  roads  are  selected  by  the  State  road  commission  and 
county  courts  iointly.  The  money  for  improving  and  maintaining  these 
roads  is  raised  oy  a  county  tax  not  exceeding  25  cents  per  $100  of  assessed 
valuation.  This  money  is  expended  under  the  direction  of  the  county 
courts  except  when  State  or  federal  aid  is  g^ven,  in  which  case  the  State 
road  commission  has  charge.  In  case  of  serious  damage  by  floods,  a  spe- 
cial levy  of  10  cents  per  $100  may  be  made  with  the  approval  of  the  State 
tax  commissioner  and  State  road  commission.    General  plans  and  speci- 
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fications  for  the  improvement  of  main  county  roads  are  made  by  the 
State  road  commission,  which  has  no  authority  over  Class  B  roads  except 
by  special  agreement  with  the  county  courts. 

The  State  road  fund  comprises  the  net  proceeds  of  motor  vehicle  license 
fees,  legislative  appropriations  and  federal  aid.  After  deducting  the  com- 
missioir  s  expenses  the  balance  is  distributed  among  the  counties  in  pro- 
portion to  their  main  county  roads,  but  no  county  receives  any  of  the 
fund  unless  it  contributes  an  equal  amount. 

One  or  more  magisterial  districts  or  a  coimty  may  issue  bonds  or  au- 
thorise a  special  road  tax  for  not  more  than  ten  years  by  a  three-fifths 
vote,  held  after  the  cost  of  the  work  has  been  estimated  by  an  en^neer 
and  the  proposition  has  been  approved  by  the  State  road  commission. 

District  road  funds  majr  be  raised  b^  tax  levies  not  exceeding  15  cents 
per  $100  of  assessed  valuation,  and  special  levies  of  10  cents  are  permitted 
for  emergency  work.  The  labor  tax  of  one  to  four  days  work  annually 
may  be  commuted  at  the  rate  of  $2  per  day. 

Where  there  is  a  county  road  engineer  ne  is  also  the  road  supervisor, 
but  a  road  supervisor  not  an  engineer  may  be  appointed  in  counties  not 
emplo3dng  engineers.  The  county  road  engineer  or  supervisor  co6perates 
with  the  State  road  commission  and  represents  the  county  in  work  on 
Class  A  roads,  and  acts  as  the  a^nt  of  the  county  court  in  all  other  road 
work.  He  purchases  all  materials  and  machinery  with  the  court's  ap- 
proval. The  roads  in  a  county  may  be  divided  into  sections  not  exceed- 
ing 2  miles  in  length  for  maintenance  by  contract  or  by  day  labor,  or  the 
patrol  system  may  be  adopted. 

Road  work  on  which  state  convicts  are  used  must  be  carried  out  in 
accordance  with  plans  and  specifications  prepared  by  the  State  road  com- 
mission, which  is  authorized  to  operate  quarries  and  brick  plants  by  con- 
vict labor  to  supply  materials  to  the  counties.  The  guards,  quarters, 
clothing,  food  ana  transportation  of  convicts  on  road  work  are  provided 
by  the  warden  of  thepemtentiary  but  the  work  is  directed  by  the  State 
road  commission.  The  convicts  must  not  be  worked  over  10  hours  a  day 
and  are  to  be  paid  for  time  over  9  hours  at  the  contract  rate  paid  by  the 
county  to  the  State.  If  the  work  is  done  by  contract,  the  State  may  fur- 
nish convict  labor  at  the  rate  of  $1  per  day  per  convict  to  the  amount  of  the 
State's  contribution  toward  the  cost  of  the  improvement. 

Vehicles  wider  than  90  inches  are  permitted  only  on  wide  roads  and 
require  a  special  permit  even  then.  No  vehicle  weighing  over  15  tons  or 
having  a  gross  loaded  weight  exceeding  600  pounds  per  inch  width  of  tire 
can  be  operated  on  the  roads,  except  by  special  permission  and  then  only 
on  heavy  travel  roads.  The  annual  license  fee  for  motorcycles  is  $5  and 
for  other  motor  vehicles  $10  plus  25  cents  for  each  100  pounds  weight  ex- 
ceeding 2000  pounds.  All  motor  vehicles  operating  as  omnibuses  or  de- 
livery wagons  for  public  or  private  service  outsiae  incorporated  cities 
and  towns  must  pay  for  special  permits  at  rates  fixed  by  the  State  road 
commission. 

Wyoming 

The  1917  legislature  created  a  State  highway  commission  of  five  mem- 
bers, serving  six  years  and  appointed  by  the  governor,  not  more  than 
three  to  be  nrom  tne  same  political  party.  They  represent  five  neo^aphi- 
oal  districts  named  in  the  law  and  receive  a  salary  of  $600  and  their  trav- 
eling expenses.  The  commission  appoints  a  State  highway  engineer  and 
fixes  his  salary.  He  has  charge  of  laying  out  highways  upon  which  State 
funds  are  spent,  the  purchase  of  machinery  and  eouipment,  and  the  employ- 
ment of  assistants,  subject  to  the  approval  of  the  commission.  A  tax  of 
0.25  mill  on  each  dollar  of  assessed  valuation  is  levied  for  1917  and  1918 
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for  a  State  highway  fund,  in  which  will  alao  be  placed  all  other  money 
received  from  any  source  tor  expenditure  bv  the  commiflsion. 

The  highway  to  receive  State  and  federal  aid  are  designated  by  the  com- 
mission in  conjunction  with  the  boards  of  county  commissioners,  but  be- 
fore any  road  is  so  designated  the  coimty  commissioners  must  appropriate 
half  of  the  cost  of  the  improvement.  All  work  done  with  State  funds 
is  performed  in  accordance  with  plans  and  specifications  prepared  by  the 
State  highway  engineer  and  under  his  direction.  The  State  highway  engi- 
neer 4nu8t  also  furnish  to  any  board  of  county  commissioners  upon  request 
plans  and  specifications  for  highway  improvements.  All  briages  costing 
over  1200  or  more  than  6  feet  in  span  must  be  built  to  hi^  satisfaction  from 
his  plans.  All  roads  built  with  State  aid  are  designated  as  State  roads 
and  must  be  maintained  to  the  satisfaction  of  the  State  highway  engineer 
by  the  counties  in  which  they  lie.  The  State  hi^way  commission  may 
prescribe  methods  of  accounting  for  road  construction  by  the  counties  and 
regulations  governing  the  issue  by  the  State  highway  engineer  of  certifi- 
cates of  competency  for  persons  employed  by  the  counties  as  superintend- 
ents and  foremen. 
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road  mileafe,  28.  478,  476 
Columbus  N«w  First  National  Bank,  adr., 

446 
Conorste,  cement,  curing,  849 

expansion  and  contraction,  846 

fimshinf .  840.  848 

mixinff,  848,  847 

pladng,  344 

proporoons,  838 

quantities  of  sand,  cement  and  stona  re- 
quired for  roads  of  diifcrant  widths  and 
thickneaHS,  884,  848 
Concrete,  bituminous,  889,  410 
Concrete  roads,  8^ 

surf  adnt  409 
Connecticut,  area  and  population,  28 

designation  of  main  roiida,  89 

federal  aid,  28 

funds,  474 

motor  oars,  476 

road  conditions  in,  73 

road  mileace,  28.  478,  476 
Connery  ft  Co..  adr.,  391 
Construction  of  roads,  defined,  10 
Contractors  for  highway  work,  804 
Contracts,  federal  aid  roads,  18 

plans  for,  334 
Counties,  number  in  IT.  S.,  6 

Superintendents  of  luchways,  Illinois,  46 
Convict  labor  laws;  Alabama,  66 

Arisona,  00 

Arkansas,  68,  681 

CaUfomia,  67 

Colorado,  70 

Delaware,  76 

Fk»ida,78 

Georgia,  79 

Idaho,  88 

Illinois,  87 

Indiana,  90 

Iowa,  92 

Kansas,  06 

Kentucky,  97 

Louisiana,  101 

Maine,  106 

Maryland,  107 

Massachusetts,  111 

Michigan,  118 

Minnssota,  122 

Mississip^,  126    ^ 

Missouri.  137 

Montana,  181 

Nebradca.  188 

Nerada,  184 

New  Jemy,  140 

New  Menco.  148,  686 

New  York,  147 

North  Carolina,  161, 686 

North  Dakota,  164 

Ohio,  168 

Oklahoma,  161 

Oregon,  168 

Pennsylvania,  167 

Porto  Rico,  173 

South  Carolina,  174 

South  Dakota,  176 

Tennessee,  178 

Texas,  180 

Utah.  183 

Vermont,  186 

Virginia,  188 


Convict  labor  laws;  Washington,  108 

West  Virdnia.  196,  648 

Wisconsin,  199 

Wyoming,  200 
Costs  per  mile  corresponding  to  different 

costs  per  square  yard,  808 
Crescent  Portland  Cement  Co.,  adv.,  336 
Croes-drains,  262,  829 
Cross  sections  of  roads,  concrete,  330 

influence  on  drainage,  341 

Wisconsin  standards,  226 
Crown  of  roads.  312.  880 
Crushing  gravel,  288 

rock,  800 
Cuban  asphalt,  369 
Culverts,  367 

avoided  by  relocation.  344 

defined  as  parts  of  roads,  10 

driveway,  361 

headwails,  247,  288 

sise,  264 
Cummer  ft  Son  Co.,  The  F.  D.,  801 
CummingB,  Pradden  ft  Co.,  adv.,  446 
Curbs,  418 
Curves,  228,  230 
Cushing  Refining  Co.,  adv.,  860 
Cushion  for  brick,  431 
Cut-back  bituminous  products,  380 
Cuts,  364,  368 

Davis  Bros.  Stone  Co.,  adv..  803 
Deferred  serial  bondsj  447 
Delaware,  road  conditions  in.  76 

road  mileage,  28,  473,  476 

area  and  population,  28 

federal  aid,  » 

funds,  474 

motor  cars,  476 
Denmark,  road  conditions  in,  812 
Deval  test,  824 
Diabase,  818.  836 

properties,  316 
DiehirOeo.  C..330 
Diorite,  318,  326 

properties,  816 
IMrtiUataon  test  of  tar,  884 
Distributors  of  ail.  891,  897 
District  of  Columbia,  road  oonditions  in,  76 
Ditches,  846 

accidents  by  ditching  vehielee,  346 

Venn  ditches,  348,  346 

marsh-road,  343 

outlets,  248,  261 

rscommendations    of    American    Railway 
Engineering  Association,  344 

steep  grades,  240,  246 

summits  in,  346 

water  brakea,  246 
Dixie  Culvert  ft  Metal  Co..  adv.,  860 
Dixie  highway,  488 
Dixie  Portland  Cement  Co.,  adv.,  889 
Dolomite,  833.  836 

DS^^^ood  Roads  Association.  608 
Dow  ft  Smith  adv..  220 
Dragging,  earth  roads,  269 

einbazuanents  during  construction,  266,  368 

gravel  roadsj290,  891,  297 

road  plane,  266 

sand-clay  roads.  288 
Drainage,  240,  803,  839 

sise  of  culverts,  366 
Driveway  culverts,  361 
Dryers,  391  .  ^ 

DuDbe  process  of  refining  petroleum.  850 
Duotili^  test  of  bitumens,  378 


Duiu  ^TanunU,  433 


Eut  Iron  A  U whine  Co.,  adv^  S9I 
Eutaro  Bridce  A  Stniotunt  Co.,  sd 
EuUn  Cu  A  CanitniDtiaa  Co.,  td' 


nilM  uid  nsulmliou,  It  Ontoa,  31.  Jg.  lU,  474 

MM  of  law,  10  Pemuylvuia,  IS,  lU.  1T4 

Fsdsnl  Motor  Tnuk  Co.,  adv.,  ZSO  PtiiUpraiw  Iiludi,  171.  640 

Feldaiur,  SSI  Porto  Bioo,  173 

Filkn  lix  MaU,  345  Prinoc  Ednid  Iilud.  109 

nniihiiu  wnenU  ■uifun,  US 
Rnldy,  Sun.  B..  adr.,  300.  3W 
ClBlh  [H^Dt  of  oUo,  3S1 
Floit  (an  of  bitumeiu,  171 
Floridii,  UH  tad  popoUtion,  2S 
fadaral  lid,  23 


rood  mllsan.  19,  47S,  473 
Fluoa.  JiaTsTi) 
Foota  Mf(.  Co.,  C.  idv.,  341 
Fordi,»II 


o,  313,  au 

erties,  318 

Oilion  IroB  norka  A  Mlt.  Co..  adr.. 


Oarfotd  Motor  Tniok  &>.,  adv., 
Qanwt,  311 


Iwlnalaid,  38 
fundi.  4T4 
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OiUt  Ponlud  CMMSt  Co.,  Ml*..  M 

Otauin!%H.  30*.  IID 
Qotim,  111,  lit 

QooT^ISco..  • 


Co.,  (dr.,  tn 


Ondan,  M« 

•IVTU111C.IU,  >7I 
aratvl  nwia,  IW,  m,  IM 
■uid-fllay  read  uaoa,  2U 

GmdM,  m,  xn,  m 

■Saot  OD  tnotioD,  IM 
iiapfv>vvd  by  rvkoUon,  t 

QndiBt.  3H.  Mt 
licht  Buta  OD  hull  nad*. ! 

OnhuiiU.  STO 

OnmlM,  tU.  SU 


l*D0ti  of  nad  vhieh  a  load  of  fwnl  of 
jpnn  ciig  will  aBnT  to  ^tid  looaa  d^itlii, 


for  11  mil*  of  mod 
id  thiokn— M,  nt 
r«  diffnnnt  depth) 
ft  quIb  of  rou  of 


leturiM  Co.,  Oao.,  wIt., 

,  _it  for/SM,  its 

HaRowina,  bltUBunoiia  a 
I — I ,_„  mad*.  JOB 


Bantr,  Hmiy  B.,,mIt.,  190 

Harwak  Co.,  adT.,  3*0 

HM^aj'  a«(id  fiOKla  Co.,  adv.,  390 

Baatinc  Undan  and  mad  oil*.  377,  3SI,  3t7, 

HiUwrinctOD  A  Benar,  adr.,  SSI 
Hj(hm7  ooounir-' —  " 
Hifhwu'  fimda, 
Hlcbwi 


HlchwurOmd 
Alaaka.t* 


DiMriot  (]<  ColuE 
Pkrida,  71 
Qwnia,  «0 
Hawaii.  Bl 
Idaho,  n 
Dlinoia,  fit 

Katiaaa,  H 
Kantoakr,  M 
LomiuDa,  101 
Maiu,  lot 
Hanrladd,  lot 


Nsw  MoiBD,  14^  US 

Naw  Yvk,  im 
North  Canllna,  Ul 
Nsrtli  Dakota,  lU 
Ohkk^ 

Orecoa,  IH 
PanmylTaiua,  118 
PUUpmne  lalaiid.  171 
Porto  Rioo,  171 

Rhod*  iBiud.  m 

South  Carolina,  Ul 
South  Dakota,  171 
Tnuwaaaa,  17° 
D.  B.  OSee 


17S 


Vii^^  180 

Waihiutoa,  IM 

Waat  Vurinia.  l«t 

WiaoODHn.  100 
HilUda  briok,  *H 
Honinc  roada,  MS 
Homblanda,  Sll 

Hab«r  llauafaoturiiy  Co.,  adv..  Ut 
Huncary,  road  oonditiooa  in,  lU 
Hunt  A  Co.,  Robert  W.,  adr^  330 
Hydros  Felt  A  EngiiiBaHnc  Co-,  adv., 
HrdrooarboiUk  Ut,  MS 

Idaho,  uea  and  population,  11 

fednalaid,  18 
lunda,  17* 


Ideal  Coacnla  Kaehinery  Co.,  adv.,  HO 
Ulinola,  accoiutinf  for  road  fonda,  Al 

ana  and  popnlalion,  11 

bjtnmiiioua  roada,  101,  M7, 100,  100 

bride  road*,  lit.  411,  UI,  US.  4M 

ooiinty  bond  law.  M 

oooD^  nipMiDlandaati  el  Mchwar*,  M 

Huajgnation  of  nutiD  Toadi,  W 

federal  aid.  11 

'       L  «71,  ni 


^1  aeld^^~  ~ 
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llUiioii,nMd  milMfle,  38,  478,  475 
Indiaiut,  area  and  population,  28 

federal  aid,  31 

funds,  474 

motor  can,  470 

road  conditions  in.  89,  681 

road  mileacB,  28,  473,  476 
InoKfEanio  matter  in  bitumen,  868 
Institute  of  Industrial  Research,  220 
International  Harveater  Co.  of  America,  adv., 

276 
International  Payedway,  489 
Iowa,  area  and  pcmulaoon,  28 

automobile  aoci&nts,  2M 

federal  aid,  28 

funds  for  roads,  474 

marked  highway  routes,  481 

motor  oars,  476 

road  conditions  in,  91 

road  mileacSi  28, 478, 476 

state  highway  commission,  46,  48 
Ireland,  road  conditions  in,  218 
Italian  roads,  217 

Jackson  highway,  486 

Jefferson  Davis  memorial  highway.  489 

JeflFeraon  highway,  486 

Joints,  bri«^  roads,  426,  427 

concrete  roads,  846 
Joint  filleis,  345,  482 

Kansas,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motor  ears,  476 

road  oonditwns  in,  94,  631 

road  mileage,  28,  473,  474 
Kaolin,  322 
Kentucky,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motor  cars,  476 

ocganisation  for  road  dragging,  271 

road  conditions  in,  96 

road  mileage,  28,  478,  475 
Kilboume  ft  Jacobs  Mfg.  Co.,  adv.,  303 
King  Bzidgs  Co.,  adv.,  261 
Kinney  Manufacturing  Co.,  391 
Knickerbocker  Portland  Cement  Co.,  338 
Koehring  Machine  Co.,  adv.,  341 

Labor^ 

credit  for,  on  federal  aid  roads,  20 
Lawrence  Cement  Co.,  836 
Layers  in  embankments,  266 
Legislation  regarding  state  highway  depart- 
ments, 37 
Lewis  Mfg.  Co.,  F.  J.,  adv.,  390 
Lima-Indiana  oil  fields,  366 
Limestone,  322,  326 

properties,  317 
Lincoln  hi^way,  482 
Littleford  Brothers,  adv.,  391 
Loaders,  wagon,  303 
Loam,  absorption  and  retentavity,  241 

slopes  in  cuts  and  fills.  225 
Local  bond  legislation;  Alabama,  56 

Ariaona,  61 

Arkansas,  63 

California,  66 

Colomdo.  09 

Florida,  77 

Idaho,  82 

Illinois,  87 

Indiana,  90 

"  94 


Local  bond  ledslation;  Kentucky,  97 
TiouiHiana,  100 

Uiwhig^n,    117 

Minnesota,  121 
MJasJasipg,  124 
Miaafniil,  126 
Montana,  180 
Nebraska,  132,  184 
Nevada,  134 
New  Jersey,  189 
New  Mexico,  148 
New  York,  147 
North  Carolina,  151 
North  Dakota,  158 
Ohio,  157 
Oklahoma,  160 
Oregon.  168 
Pennsylvania,  167 
South  Dakota,  175 
Tenneesee,  177 
Texas,  179 
Utah,  182 
Vermont,  184 
Vlinnia,  187 
Washington.  192 
West  Virginia,  196,  542 
Wisconsin,  198 
Wyoming,  200 
Local  road  legislation;  Alabama,  66 
Aiisona,  60 
Arkansas,  63 
California,  66 
Colorado,  69 
Connecticut,  78 
Delaware.  75 
Florida,  77 
Georib.  79 
Idaho,  82 
Illinois,  85 
Indiana,  89 
Iowa,  91 
Kansas.  94 
Kentucky,  98 
Ttouiiriana,  100 
Iff^ina    104 

Maryland,  106 
Maasachusetts,  111 

Mif.hiptn,  117 

Minnesota,  120 
Mississippi,  123 
Missouri,  126 
Montana,  130 
Nebraska,  132 
Nevada,  138 
New  Haonpshire,  136 
New  Jersey,  189 
New  Menoo,  142 
New  York,  146 
North  CaroUna,  150,  535 
North  Dakota,  153 
Ohio,  156,  538 
Oklahoma,  160 
Oregon,  163 
Pennsylvania,  167 
Rhode  Island!,  173 
South  Carolina,  174 
South  Dakota.  175 
Tennsssse,  177 
Texas,  179 
Utah,  183 
Vennont,  184 
Viimnia,187 
WaahiSton,  191,  642 
WMtViiginia.  196.  542 
Wisoonain,  197 
Wyoming,  200 


552 


INDEX 


Looataon  of  roads,  221 

at  grade  GRMringB,  231 
Locomotives,  276,  804 
Loss  by  volatilisation  oi  oils,  861 
Louisiana,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motor  oars,  476 

road  conditions  in,  99 

road  mileace.  28.  473,  475 

Macadam  roads,  bituminous,  894 

water-bound,  298 

surface  treatment,  407 
Mscnetite.  321 
Main  roads,  designation,  38 

State  ana  provincial.   See  under  state  or 
inovinoe  trafiio  on,  5 
Maine,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motOT  can,  476 

road  conditions  in,  102 

road  mileace,  28,  473.  475 
Maintepance,  bad  roads,  221 

bituminous  roads,  408 

concrete  roads,  350 

definition,  10 

draoinc,  269 

earth  roads,  269 

federal  aid  roads,  13 

federal  and  state,  31 

gravel  roads,  296 

macadam  roads,  311 

sand-clay  roads,  284 

Vixginia  use  of  automobile  fees,  54 
Malthenes,  363 

Manitoba,  road  conditions  in,  204 
Manjak,  370 
Maps,  California  commission  regulations,  237 

Vermilion  County  improvements,  224 
Maracaibo  asphalt,  369 
Marble,  313,  326 

properties 
Marked  highway  routes,  481 
Marquette  Cement  Mfg.  Co.,  adv.,  338 
Marr.  Green  A  Co.,  adv.,  220 
Marshes,  roads  across,  243 
Maryland,  area  and  population,  28 

bituminous  concrete,  400 

brick  roads,  432 

federal  aid,  28 

funds,  474 

motor  cars,  476  ^ 

road  conditions  in,  106 

road  mileage,  28.  473,  475 
Massachuaetts  area  and  population, 

bituminous  roads,  395-399 

designation  of  main  roads,  39 

federal  aid,  28 

funds,  474 

gravel-«8phalt  roads,  402 

motor  cars,  476 

road  conditions  in,  108 

road  mileaee,  28,  473,  475 
Mastic  joint  nllers,  430 
Meridi&Q  road.  491 
Mexican  asphalt,  366, 369 
Mexican  Petroleum  Corporation,  adv.,  360 
Mica,  321 
Michigan,  area  and  population,  28 

federal  aid,  28 

funds.  474,  532 

gravel  for  roads,  285 

motor  cars,  476 

road  conditions  in,  115, 532 


Michigan,  road  mileage,  28,  473,  475 

water-bound  macadam,  ^8 
Mid-oontinent  oil  fields.  356 
Midland  trail,  488 
Midwest  Refining  Co.,  adv.,  360 
Mileage  of  roads;  Canada,  201 

Europe,  212 

United  States,  28.  473,  475 
Milwaukee  Bridge  Co.,  adv..  261 
Minwals  in  road  building  rooks,  321 
Minneapolis  Steel  ft  Machinery  Co.,  adv.,  261 
Minneeota,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motor  cars,  476 

watei^bound  macadam,  298 

road  conditions  in,  119 

road  mileage,  28,  473,  475 
Mississippi,  area  and  population,  28 

fedenS  aid.  28 

funds,  474 

motor  cars,  476 

road  conditions  in,  123 

road  mileage,  28,  473,  475 
Missouri,  area  and  population,  28 

federal  aid,  28 

funds,  474,  532 

motor  can,  476 

road  conditions  in.  126, 532 

road  mileage,  28,  473,  475 
Missouri  Valley  Bridge  &  Iron  Co.,  adv..  281 
Mixers  for  bituminous  concrete,  341,  391,  400 
Mixets  for  concrete,  340.  341.  343,  347 
Mohs,  scale  of  hardness,  321 
Money  for  1917  road  work,  see  Funds 
Monolithic  brick  roads,  423 
Montana,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motor  can,  476 

National  forest  road  funds,  21 

road  conditions  in,  129,  533 

load  mileage,  28,  473.  475 
Morava  Construction  Co.,  adv.,  261 
Motor  trucks,  registration,  see    Automobile 
registration,  road  widths  needed  for,  227 
Mount  Vernon  Bridge  Co.,  adv.,  261 
Munnsville  Plow  ft  Culvert  Co.,  adv.,  250 
Muscovite,  321 

National  Automovile  Chamber  of  Commerce, 

502 
National  highways,  487,  488 
National  old  trails,  490 
National  park  and  forest  roads,  14,  21,  82, 

niles  and  reflations.  22 
National  Paving  Brick  Manufaoturan  As> 

sociation,  503 
Nebraska,  area  and  peculation,  28 

federal  aid,  28 

funds,  474,  534 

motor  can,  476 

road  conditions  in,  131 

road  mileage,  28,  473,  475 
Nevada,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motor  can,  476 

National  forest  road  funds,  21 

road  conditions  in^83 

road  mileage.  28,  473,  475 
New  Brunswick,  road  conditions  in,  207 
New  Hampshire,  area  and  jiopulatioa,  28 

federal  aid,  28 

funds.  474 

gravel  roads,  297 


INDEX 


553 


New  Hampshire,  motor  oan,  476 

roed  oonditions  in,  ISA 

TomA  mileage,  28,  478,  475 
New  Jersey,  area  and  population,  28 

broken  stone  speeificationa,  302 

federal  aid,  28 

funds.  474,  £34 

crave!  for  roads,  285 

motor  oars,  476 

road  oonditions  in,  137,  534 

road  milean,  28,  478,  476 

telford  speoinoations,  802 
New  Meodoo,  area  uid  population,  28 

federal  aicf,28 

funds.  474,  535 

motor  oan,  476 

National  forest  road  funds,  21 

road  conditions  in,  142,  534 

road  mileace,  28,  473,  475 
New  York,  area  and  population,  28 

bituminous  roads,  306, 400 

briok  roads,  416 

federal  aid,  28 

funds.  474 

grade  croesing  regulations,  231 

honing  roads,  803 

motor  oars,  476 

road  oonditions  in,  144 

road  mileage,  28.  473,  475 

telford  specifications  802 

water-bound  macadam.  289,  301,  408 
Newport  Culvert  Co.,  adv.,  250 
NOTth  Carolina,  area  and  population,  28 

county  road  work,  40,  536 

federal  aid,  28 

funds.  474 

motor  can.  476 

road  conditions  in,  160 

road  mileage,  28,  473,  475 

state  highway  commission,  42,  51 
North  Dakota,  area  and  population,  28 

federal  aid.  28 

funds,  474 

motor  can.  476 

road  conditions  in,  152,  537 

road  mileage,  28,  473,  475 
Northwestern  States  rortland  Cement  Co., 

adv.,  338 
Northwestern  Steel  A  Iron  Works,  adv.,  248 
Norwegian  roads,  217 
Not^keeping  on  surveys,  233 
Nova  Scotia,  road  conditions  in,  208 
Nossles  for  xxiad  oil.  301.  397 

Object  leeeon  roads,  30 

Officials  in  chazte  ol  road  work,  eee  Highway 

officials 
Ohio,  area  and  population,  28 

bituminous  macadam,  896 

brick  roads,  416,  424,  429 

designation  of  main  roads,  89 

federal  aid.  28 

funds,  474 

madadam.  301 

motor  can,  476 

road  conditions  in.  155,  538 

road  mileage,  28,  478,  475 

state  highway  commissioner's  duties,  42, 438 

tests  of  road  materials,  58 
Oil  distributon,  891 
aiing  roads,  406 

gallons  of  bituminous  material  per  mile 
of  road  for  diffennt  rates  of  applicatwn 


gravel,  297 
maeadiun,  812 


Oils,  daseification,  355 

equivalent  volumes  at  different  temperar 
tures,  378 

classification,  355 

road,  871,  382 

shipping,  375 

specific  gravity,   weight  and  volume  at 
60»,  376 
Oklahoma,  area  and  population,  28 

federal  aid,  28 

funds,  474 

mortor  cars,  476 

road  oonditions  in,  159 

road  mileage,  28,  473, 478 
Old  Spanish  trail,  490 
Ontario,  road  oonditions  in,  206 
Oregom,  area  and  population,  28 

federal  aid,  28 

funds,  474.  539 

mot(»r  can,  476 

National  forest  road  funds,  21 

road  conditions  in,  162,  588 

road  mileage,  28^73,  475 
Orenstein-Arthur  Koppel  Co.,  adv.,  275 
Orthoolase,  821 

Orthwein,  Walter  E.,  adv.,  445 
Outlets,  ditches,  248,  251 

drains,  254 
Oiark  trail,  491 

Pacific  highway,  491 

Paraffin7355,  363 

Patents,  granted  in  1916,  451 

used  on  federal  aid  roads,  19 
Patrol  system  of  maintenance,  297 
Penetration  roads,  373,  394 
Penetration  test  of  bitumens,  868 
Penn  Bridge  Co.,  adv.,  261 
Pennsylvania,  area  ana  population,  28 

bituminous  roads,  396.  408 

briok  roads,  416,  423,  432 

designation  of  main  roads,  88 

federal  aid.  28 

funds,  474 

motor  can.  476 

road  conditions  in,  165 

road  mileage,  28,  473,  475 
Permanent  IntemationiU  Association  of  Road 

Congresses,  492 
Petroleum,  855 

specific  gravity,   degrees  Baume,   weight 
and  volume  at  60*,  358,  376 
Philippine  Islands,  road  conditions  in,  170, 

Pike's  Peak  Ocean  to  Ocean  highway.  490 

Pipe  eulverts,  258 

Pittsburgh  Safe  Deposit  ft  Trust  Co.,  adv., 

445 
Plagioclase,  321 
PlanSf  Vermilion  county  improvements,  224 

California  commission  regulations,  237 
Plowing,  in  grading,  264 

sub-^ades,  294 
Pomona  Terra  Cotta  Co.,  adv.,  248 
Ponding  concrete  roads,  334,  850 
Population  of  states.  28 
Port  Huron  Engine  «  Thresher  Co.,  adv.,  805 
Portland  Cement  Association.  601 
Porto  Rioo.  road  oonditions  in,  171 
Post  road  projects,  31 
Pouring  cans,  398 
Powell.  Garard  ft  Co..  adv..  445 
Prince  jBdward  Island,  road  conditions  in.  209 
Progress  reports  on  road  work;  Alabama,  57 

Alaska,   58 

Arisona,  61 
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PracrsM  reports  on  road  work;  Califorma,  (t8 

Colorado,  71 

Connecticut,  74 

District  of  Columbia,  76 

Florida,  70 

GeoTsiA,  80 

Idaho.  84 

niinQda,88 

Iowa,  03 

KaniM,  06 

Kentucky,  08 

Louisiana,  101 

Maine,  10& 

Manitoba,  905 

Maryland,  108 

MasMMhusetts,  112 

Michigan,  118 

Minnnsota,  122 

MisK>uri,  128 

New  Hampsbixe,  187 

New  Jmmy,  141 

New  Mezioo,  148 

New  York,  140 

North  Carolina,  152 

North  Dakota,  IM 

Nova  Scotia,  200 

Oklahoma,  161 

Ontario,  206 

Orefon,  164 

Pennsylvania.  168 

PhiUpmne  Istands,  170,  680 

Porto 'Kioo.  172 

Quebec,  211 

Saskatchewan.  204 

Tennessee,  178 

Texas,  180 

U.  S.  Office  of  Public  Roads  and   Rural 
Engineerinc,  36 

Utah,  183 

Vermont,  185 

Viiginia.  180 

^nsconain,  100 

Wyoming,  201 
Project  statements,  federal  aid  roads,  16 
Property  values  in  U.  S.,  3 
Prussian  roads,  216 
Pumping  road  oil,  875 
Purs,  on  Co.,  adv.,  860 
Pyxo-bitumens,  865 

Quarts.  321 
Quartaite,  826 

propertue,  310 
Quebec,  roaa  conditions  in,  200 

Ransome  Concrete  Machinsty  Co.,  adv.,  841 

Rattler  test,  415 

Refining  petroleum,  357 

Residuums,  361 

Reeistenoe  of  roads  to  traction,  448 

Retentivity  of  clay,  loam,  etc..  241 

Rhode  Island,  area  and  population,  28 

federal  aid,  28 

funds,  474 

motor  cars,  476 

road  conditions  in,  172 

road  mileage,  28,  473,  475 
RhyoUte,  813,  326 

properties,  316. 
Rupits-of-way,  237 

clearing  and  grubtnng,  265 

federal  aid  roads,  17 
Riverside  Bridge  Co^  adv.,  261 
Road  conditions  in  Canada,  201 

in  Europe,  213 

in  United  States.  55,  473,  474,  475 


Road  funds,  see  Funds  for  road  work, 

Road  manhinm  (graders),  266 

Roadbed,  elevation  for  drainagei  243 ;  grading, 

264.204 
Road  plane,  see  Dragging 
Roads,  asphalt  block,  403 

Utumiaious,  303 

books  on,  458 

brick,  412 

concrete,  328 

coostruodon^  definition,  10 

costs  per  mile  correnonding  te  diffwent 
costs  per  square  jrard,  806 

dragging,  270 

dnmace.240 

sarSTSn 

giade  crossingB,  230 

grades,  224 

gravel,  285 

gravel-aaphalt,  402 

location,  221 

macadam,  bituminous,  303 

water-bound,  206 

main,  method  of  designation,  38 

maintenance,  10,  13,  31,  54,  231,  360,  284, 
206,  311,  350,  406 

marlDBd  routes,  481 

mileage,  473, 475 

object-lesson,  30 

post-road  proieots^31 

resistance  to  traction,  448 

rural  post,  10 

sandrday,  281 

sand-oil,  402 

sections,  236,  242 

seminaid  regions,  373 

top-soil,  see  Sand-clay 

widths,  336,  343,  330 
Robeson  Process  Co.^adv.,  304 
Rook  crushers,  374,  378,  306 
Rock  crushing,  300 
Rock  drUlsrSM 
Rock  for  roads,  sse  Stone 
Rolkts,  road,  374,  378 
Rolling  roads,  earth,  360 

gravel,  202 

macadam,  bituminous,  806, 307,  401 

sand-day,  288 

water4>ound,  300,  310 
Rules  and  regulations  governing  federal  aid 

roads,  15,  22 
Runoff,  factors  influencing,  255 
Rural  post  roads,  definition,  10 

mileage,  28,  473 
Russell  Grader  Mfg  Co.,  adv.,  378 
Russian  Roads,  217 

Sand,  abeon>tion  and  retentivity,  241 

for  concrsCe,  331 

for  cushion  for  brick,  422 

production  of  paving,  480 

slopes  in  cuts  and  fiUs,  225 

weQrt,  200 
Sand-asphalt  roads,  402 
Sand-day  roads,  281 
Sandstone,  313,  825 

properties,  818 
Sandusky  Portland  Cement  Co.,  adv.,  338 
Santa  Fe  Trail,  400 
Sapulpa  Refining  Co.,  adv.,  860 
Saskatchewan,  road  conditions  in,  208 
Sauerman  Broa^  adv.,  340 
Saxony,  roads  in,  216 
Schist,  313.  322,  326 

prt^jierties,  320 
Sehnunm  ft  Son,  Chris.  D.,  adv.,  806 


